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Wetlands and Riparian Resources Study Report 
Executive Summary 

 
ES-1 Introduction 

 
This study report describes the results and findings of the wetlands and riparian resources analysis along 
the proposed alternative alignments of the Lake Powell Pipeline (LPP) Project, the No Lake Powell Water 
Alternative, and the No Action Alternative. The purpose of the analysis, as defined in the 2008 Wetlands 
and Riparian Resources Study Plan prepared for the Federal Energy Regulatory Commission (FERC), 
was to identify potential impacts on wetlands and riparian resources during construction and operations of 
the alternatives, and identify measures to mitigate impacts on wetlands and riparian resources as 
necessary. 
 
 

ES-2 Methodology 
 
The analysis of impacts on wetlands and riparian resources follows methodology identified and described 
in the Preliminary Application Document, Scoping Document No. 1 and the Wetlands and Riparian 
Resources Study Plan #20 prepared for and filed with FERC. 
 
 

ES-3 Key Results of the Wetlands and Riparian Resources Impact Analyses 
 
ES-3.1 Wetlands 
 
One wetland with an area of 0.01 acre was delineated within the study area common to all LPP Project 
alignment alternatives. This wetland area would no longer be affected by LPP Project construction and is 
not analyzed further in the final study report. 
 
ES-3.2 Riparian Resources 
 
Properly functioning conditions were evaluated at 12 riparian areas within the study area along the LPP 
alignment alternatives. Seven of these riparian areas were determined to be non-functional and five were 
determined to be functional-at risk. The South Alternative and Southeast Corner Alternative construction 
would directly impact 0.99 acre of riparian resources. The Existing Highway Alternative construction 
would directly or indirectly impact 0.89 acre of riparian resources. The Transmission Line alignments 
would have no impacts on riparian resources. LPP Project operations would have no measurable direct or 
indirect impacts on riparian resources. 
 
The No Lake Powell Water Alternative would have indirect impacts on riparian resources in the St. 
George metropolitan area streams under the influence of groundwater recharge from residential outdoor 
watering. Riparian vegetation communities could diminish in function and areal extent as reaches of the 
Virgin River and its tributary streams transition from gaining to losing reaches. 
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ES-3.3 Potential Jurisdictional Waters 
 
Potential jurisdictional waters were analyzed within the study area along the LPP Project South 
Alternative and Southeast Corner Alternative. LPP Project construction of the South Alternative and 
Southeast Corner Alternative would directly impact 14.3 acres of potential jurisdictional waters. Potential 
jurisdictional waters were analyzed within the study area along the Existing Highway Alternative. LPP 
construction of the Existing Highway Alternative would directly impact approximately 14 acres of 
potential jurisdictional waters. The Transmission Line Alternatives would have no direct or indirect 
impacts on potential jurisdictional waters. LPP Project operations would have no direct impacts on 
potential jurisdictional waters. 
 
 

ES-4 Mitigation and Monitoring 
 
Mitigation measures incorporating best management practices and standard construction procedures are 
identified to avoid, minimize and reduce impacts on wetlands and riparian resources. Monitoring of 
riparian revegetation mitigation measures would be performed for up to one growing season following 
construction at pipeline crossings to make sure riparian cover objectives are accomplished. 
 
 

ES-5 Unavoidable Adverse Impacts 
 
The LPP Project alignment alternatives would have temporary unavoidable adverse direct impacts on 
riparian resources at the pipeline crossings of streams, rivers and washes. Loss of riparian vegetation at 
the pipeline crossings would be an unavoidable direct impact of construction. Temporary unavoidable 
adverse indirect impacts could occur on riparian resource functions such as hydrologic disruptions, soil 
disturbance and sedimentation, and decreased water quality. These temporary adverse impacts would 
diminish as riparian vegetation cover and resources are restored along stream, river and wash banks. 
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Chapter 1 
Introduction 

 
 

1.1 Introduction 
 
This chapter presents a summary description of the Lake Powell Pipeline (LPP) Project alignment 
alternatives, the No Lake Powell Water Alternative, and the No Action Alternative. It introduces the area 
studied for environmental resources. It provides an overview of the proposed LPP Project, including each 
alignment alternative and locator maps. 
 
The LPP Project would deliver Utah’s Colorado River water from Lake Powell to the service areas of 
Washington County Water Conservancy District (WCWCD) and Kane County Water Conservancy 
District (KCWCD). The LPP Project action alternatives studied include various pipeline and penstock 
system configurations. Each action alternative would deliver 86,249 acre-feet of municipal and industrial 
(M&I) use water to the following southwest Utah water conservancy district service areas:  
 

 WCWCD would receive 82,249 acre-feet annually. 
 KCWCD would receive up to 4,000 acre-feet annually. 

 
One of the LPP systems previously studied included a conveyance system for the Central Iron County 
Water Conservancy District (CICWCD), which would have delivered approximately 13,249 acre-feet 
annually to the Cedar Valley area. The various alternatives were under study when the CICWCD decided 
to withdraw from the LPP Project, and this conveyance system is no longer being considered. 
 

1.2 Summary Description of LPP Project Alignment Alternatives 
 
Three primary pipeline and penstock alignment alternatives are described in this section, along with the 
electrical power transmission line alignments for providing power to the pump stations and a natural gas 
supply line alignment alternative. The pipeline and penstock alignment alternatives share common 
segments between the intake at Lake Powell and delivery at Sand Hollow Reservoir, and they differ 
spatially in, through and around Kaibab-Paiute Indian Reservation. 
 
The South Alternative (Proposed Action) extends south around Kaibab-Paiute Indian Reservation. The 
Existing Highway Alternative follows an Arizona state highway through Kaibab-Paiute Indian 
Reservation. The Southeast Corner Alternative follows the Navajo-McCullough Transmission Line 
corridor through the southeast corner of Kaibab-Paiute Indian Reservation. The Electric Transmission 
Line alignments are common to all the pipeline and penstock alignment alternatives. The Natural Gas 
Supply Line Alignment Alternative is common to all pipeline and penstock alignment alternatives. The 
natural gas pipeline alignment would be coincident to the buried waterline and would not have a different 
alignment, as compared to transmission line alignments. Figure 1-1 shows the overall proposed project 
from Lake Powell near Page, Arizona to Sand Hollow Reservoir, Utah. 
 
1.2.1 South Alternative 
 
The South Alternative consists of four systems: Water Intake, Water Conveyance, Hydro, and 
KCWCD (see Figure 1-1). 
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The Water Intake System would pump Lake Powell water via submerged horizontal tunnels and vertical 
shafts into the LPP. The intake pump station would be constructed and operated adjacent to the west side 
of Lake Powell, approximately 2,000 feet northwest of Glen Canyon Dam in Coconino County, Arizona. 
An enclosed pump station building would house vertical turbine pumps with electric motors, electrical 
controls, and other equipment at a ground level elevation of 3,745 feet above mean sea level (AMSL). 

The Water Conveyance System would convey water diverted from Lake Powell at the Intake System 
through a buried 69-inch diameter pipeline for about 51 miles, parallel with Highway 89 in Coconino 
County, Arizona and Kane County, Utah, to a buried regulating tank (High Point Regulating Tank-2) 
along Highway 89 at ground level elevation 5,691 feet AMSL. The pipeline would be a line of connected 
pipes used for carrying water over a long distance. Figure 1-2 shows the LPP Project Water Intake and 
Water Conveyance systems. The High Point Regulating Tank-2 would be the LPP Project topographic 
high point (Figure 1-2). The pipeline would be sited within a utility corridor established by Congress in 
1998 that extends 500 feet south and 240 feet north of the Highway 89 centerline on public land 
administered by Bureau of Land Management (BLM) (U.S. Congress 1998). Figure 1-3 shows the typical 
100-foot-wide right-of-way and 20-foot-wide temporary construction easement for the water conveyance 
system pipeline, adjacent to and away from the highway. 
 
Four booster pump stations (BPS) along the pipeline would pump water to the high point regulating tank. 
Each BPS would house vertical turbine pumps with electric motors, electrical controls, and other 
equipment. Additionally, each BPS site would have a buried forebay tank, buried surge tanks, pig 
retrieval and launching stations, and a surface emergency overflow detention basin. BPS-1 would be 
located within Glen Canyon National Recreation Area (GCNRA) adjacent to an existing Arizona 
Department of Transportation maintenance facility, along a segment of abandoned highway, west of 
Highway 89. The BPS-1 site would cover about six acres and be surrounded by security fencing. 
 
BPS-2 would be on land administered by Utah School and Institutional Trust Lands Administration 
(SITLA) near Big Water, Utah, on the south side of Highway 89. The BPS-2 site would cover about five 
acres and be surrounded by security fencing. 
 
BPS-3 (Alt.) would be on land administered by BLM Kanab Field Office, near the east boundary of 
Grand Staircase-Escalante National Monument (GSENM) on the south side of Highway 89, within the 
Congressionally-designated utility corridor. The BPS-3 (Alt.) site would cover about five acres and be 
surrounded by security fencing. 
 
BPS-4 (Alt.) would be located on private land east of Highway 89 and west of the Cockscomb geologic 
feature (Figure 1-2). The BPS-4 (Alt.) site would cover about six acres and be surrounded by security 
fencing. The proposed pipeline alignment west of the Cockscomb geologic feature would be situated 
adjacent to the south boundary of the Congressionally-designated utility corridor. 
 
The proposed pipeline alignment would continue parallel to Highway 89 to the buried High Point 
Regulating Tank-2 at 5,691 feet AMSL, which would be the topographic high point of the LPP Project 
(Figure 1-2). The Water Conveyance System would terminate at High Point Regulating Tank-2. The 
buried High Point Regulating Tank-2 would cover about four acres and be surrounded by security 
fencing. 
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Figure 1-3 shows the typical 100-foot-wide right-of-way and 20-foot-wide temporary construction 
easement for the hydro system penstock adjacent to, and away from, the highway. Four in-line hydro 
generating stations (HS-1, HS-2 [South], HS-3, and HS-4 [Alt.]), with substations located along the 
penstock, would generate electricity and help control water pressure in the penstock. Each in-line hydro 
station would consist of a building housing the generator units, an afterbay reservoir, retention basin, pig 
retrieval and launching stations, switchyard, and maintenance parking area, all surrounded by perimeter 
security fencing. 

 
 

 
Figure 1-3 

Pipeline and Penstock Right-of-Way 
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The Hydro System would convey the water from High Point Regulating Tank-2, at a topographic high 
point in the LPP Project with ground level elevation 5,691 feet AMSL, for about 87.5 miles through a 
buried 69-inch diameter penstock in Kane and Washington counties, Utah, and Coconino and Mohave 
counties, Arizona, to Sand Hollow Reservoir near St. George, Utah (Figure 1-4). A penstock is an 
enclosed pipe that delivers water to hydroelectric turbines. 
 
A short penstock segment would convey the water to HS-1. This in-line hydro station would generate up 
to one megawatt (MW) of electricity at a site along Highway 89 within GSENM, and the penstock would 
continue west along Highway 89 to the GSENM west boundary. The HS-1 site would cover about five 
acres. 
 
The penstock alignment would turn south from Highway 89 through private land and BLM-administered 
public lands into White Sage Wash. It would continue across White Sage Wash and then parallel Navajo-
McCullough Transmission Line, crossing Highway 89 Alt. and Forest Highway 22 toward the southeast 
corner of Kaibab-Paiute Indian Reservation. The penstock alignment would run parallel to and south of 
the Kaibab-Paiute Indian Reservation south boundary, crossing Kanab Creek and Bitter Seeps Wash. It 
would continue across Moonshine Ridge and Cedar Ridge to Yellowstone Road. At this point, the 
penstock alignment would run north along Yellowstone Road to Arizona State Route 389 west of Kaibab-
Paiute Indian Reservation. HS-2 (South) would be located west of Kaibab-Paiute Indian Reservation on 
private land east of Yellowstone Road. HS-2 (South) would generate up to one MW of electricity. The 
HS-2 (South) site would cover about five acres. The penstock alignment would continue northwest along 
the south side of Arizona State Route 389 past Colorado City to Hildale City, Utah, and HS-3. HS-3 
would be located on private land west of Hildale City, Utah, north of and adjacent to Uzona Road. HS-3 
would generate up to one MW of electricity. The HS-3 site would cover about five acres. A turnout for 
future delivery of 13,249 acre-feet of WCWCD’s allocation of LPP Project water to Apple Valley would 
be located immediately west of HS-3. 
 
The penstock alignment would follow Uzona Road west through Canaan Gap and south of Little Creek 
Mountain, turning north to HS-4 (Alt.) above the proposed Hurricane Cliffs forebay reservoir. HS-4 (Alt.) 
would be located on about three acres of public land administered by the BLM. HS-4 (Alt.) would 
generate up to 1.7 MW of electricity and would discharge into the forebay reservoir. 
 
The forebay reservoir would be contained in a valley between two dams (south and north), maintaining 
active storage of 11,255 acre-feet of water. The forebay reservoir and two dams would cover about 500 
acres of public land administered by BLM and would be surrounded by security fencing. A low-pressure 
tunnel would convey the water to a high-pressure vertical shaft in the bedrock forming the Hurricane 
Cliffs, connected to a high-pressure tunnel near the bottom of the Hurricane Cliffs. The high-pressure 
tunnel would connect to a penstock conveying the water to a 35-MW-capacity peaking power 
hydroelectric generating station and a 300-MW-capacity pumped storage hydroelectric generating station. 
 
The Hurricane Cliffs hydroelectric generating stations and tailrace channel would cover about 50 acres of 
public land administered by BLM and would be surrounded by security fencing. The tailrace channel 
would discharge into an afterbay reservoir with 3,551 acre-feet of operating capacity, which is contained 
by a single dam in the valley below the Hurricane Cliffs. The afterbay reservoir and dam would cover 
about 200 acres of public land administered by BLM and would be surrounded by security fencing. 
 
Water would be released from the forebay reservoir through the hydro generating system to meet peak 
power demands. Water would be pumped from the afterbay reservoir into the forebay reservoir during 
periods of off-peak power demand. The forebay and afterbay reservoirs would not be open to public  
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access because the water levels would fluctuate rapidly during daily operations. A low pressure tunnel 
would convey the water northwest from the afterbay reservoir to a penstock, continuing to the Sand 
Hollow Hydro Station, which would generate up to 4.2 MW of electricity. The Sand Hollow Hydro 
Station would be located on land owned by WCWCD and cover about five acres adjacent to Sand Hollow 
Reservoir. The LPP Project water would discharge from the Sand Hollow Hydro Station into the existing 
Sand Hollow Reservoir. 

 
The KCWCD System would convey water diverted from Lake Powell through the LPP at the west 
GSENM boundary for about eight miles through a buried 24-inch diameter pipeline in Kane County, 
Utah, near the mouth of Johnson Canyon. The pipeline would parallel the south side of Highway 89 
across Johnson Wash and then run north for 5000 feet to the mouth of Johnson Canyon (Figure 1-4). 
 
1.2.2 Existing Highway Alternative 
 
The Existing Highway Alternative consists of four systems: Water Intake, Water Conveyance, Hydro, 
and KCWCD. The Water Intake and Water Conveyance systems would be the same as described for 
the South Alternative. The Hydro System would convey water diverted at Lake Powell from High Point 
Regulating Tank 2 at the LPP Project topographical high point (5,691 feet AMSL) for about 80.5 miles 
through a buried 69-inch diameter penstock in Kane and Washington counties, Utah, and Coconino and 
Mohave counties, Arizona, to Sand Hollow Reservoir near St. George, Utah (Figure 1-5). The alternative 
alignment parallels Highway 89 to the west and south boundary of GSENM and continues along Highway 
89 to Lost Spring Gap. Four in-line hydro generating stations (HS-1, HS-2 [Hwy], HS-3, and HS-4 [Alt.]) 
located along the penstock would generate electricity and help control water pressure in the penstock. The 
HS-1, HS-3 and HS-4 (Alt.) hydro stations would be the same as described for the South Alternative. 
 
The penstock downstream from the proposed HS-1 would be sited along the south side of Highway 89 
within GSENM. The penstock would parallel the south side of Highway 89 west of GSENM, continue 
past Johnson Wash and follow Lost Spring Gap southwest, crossing Highway 89 Alt. and Kanab Creek in 
the north end of Fredonia, Arizona. It would continue south, paralleling Kanab Creek to Arizona State 
Route 389, where it would run west, adjacent to the north side of Route 389 through Kaibab-Paiute Indian 
Reservation past Pipe Spring National Monument. The penstock would continue along the north side of 
Arizona State Route 389 through the west half of Kaibab-Paiute Indian Reservation to 1.8 miles west of 
Cedar Ridge (intersection of Yellowstone Road with Highway 89), where it would then follow the same 
alignment as the South Alternative to Sand Hollow Reservoir. HS-2 (Hwy) would be sited 0.5 miles west 
of Cedar Ridge along the north side of Arizona State Route 389. HS-2 (Hwy) would generate 
approximately 0.8MW of electricity and cover 8.7 acres of private land. 
 
The KCWCD System would convey water diverted at Lake Powell from the LPP Project along Highway 
89 north along Johnson Canyon Road for 5,000 feet through a buried 24-inch diameter pipeline in Kane 
County, Utah to the mouth of Johnson Canyon (Figure 1-5). 
 
1.2.3 Southeast Corner Alternative 
 
The Southeast Corner Alternative consists of four systems: Water Intake, Water Conveyance, Hydro, 
and KCWCD. The Water Intake, Water Conveyance, and KCWCD systems would be the same as 
described for the South Alternative. 
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The Hydro System would be the same as described for the South Alternative from High Point Regulating 
Tank 2 at the LPP Project topographical high point (5,691 feet AMSL) to the east boundary of Kaibab-
Paiute Indian Reservation. At the east boundary of Kaibab-Paiute Indian Reservation, the penstock 
alignment would parallel the north side of the Navajo-McCullough Transmission Line corridor in 
Coconino County, Arizona, through the southeast corner of the Kaibab-Paiute Indian Reservation for 
about 3.8 miles. The penstock would then follow the South Alternative alignment south of the south 
boundary of the Kaibab-Paiute Indian Reservation, continuing to Sand Hollow Reservoir (Figure 1-6). 
The Southeast Corner Alternative would be about 85.7 miles long from High Point Regulating Tank-2 to 
Sand Hollow Reservoir. 
 
1.2.4 Transmission Line Alignments 
 
Transmission line alignments have been identified to transmit electric power to pump stations in the 
Water Intake and Water Conveyance systems, and to transmit electric power generated by hydroelectric 
stations in the Hydro System. The transmission lines that would serve the Water Intake and Water 
Conveyance systems are located in the east half of the LPP Project. The transmission lines that would 
serve the Hydro System are located in the west half of the LPP Project. 
 
The proposed new Water Intake Transmission Line would begin at Glen Canyon Substation and run 
parallel to Highway 89 for about 2,500 feet to a new switch station, cross Highway 89 at the Intake access 
road intersection, and continue northeast to a new electrical substation on the Intake Pump Station site. 
This 69 kV transmission line would be 0.9 mile long in Coconino County, Arizona (Figure 1-7). 
 
The proposed new BPS-1 Transmission Line would begin at the new switch station located on the south 
side of Highway 89 and parallel the LPP Project Water Conveyance System alignment to a new electrical 
substation on the BPS-1 site west of Highway 89. The 69 kV transmission line would be about one mile 
long in Coconino County, Arizona (Figure 1-7). 
 
The proposed new Glen Canyon to Buckskin Transmission Line would consist of a 230 kV 
transmission line from the Glen Canyon Substation to the Buckskin Substation, running parallel to the 
existing 138 kV transmission line. This transmission line upgrade would be about 36 miles long through 
Coconino County, Arizona, and Kane County, Utah (Figure 1-7). 
 
The existing Buckskin Substation would be upgraded as part of the proposed project to accommodate 
the additional power loads from the new 230 kV Glen Canyon to Buckskin transmission line. The 
substation upgrade would require an additional five acres of land within GSENM adjacent to the existing 
substation in Kane County, Utah (Figure 1-7). 
 
The existing Paria Substation would be upgraded as part of the proposed project to accommodate the 
additional power loads to BPS-4 (Alt.). The substation upgrade would require an additional two acres of 
privately-owned land adjacent to the existing substation in Kane County, Utah (Figure 1-7). 
 
The proposed new BPS-2 Transmission Line would consist of a new three-ring switch station along the 
new 230 kV Glen Canyon to Buckskin Transmission Line, a new transmission line from the switch 
station to a new substation west of Big Water, and a connection to BPS-2 substation in Kane County, 
Utah. The new transmission line would parallel an existing distribution line that runs northwest, north, 
and then northeast to Big Water. This new 138 kV transmission line alignment would be about seven 
miles long across Utah SITLA-administered land, with a 138 kV connection to a new electrical substation 
on the BPS-2 site (Figure 1-7). 
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The proposed new BPS-3 Alt. Transmission Line South would consist of a new three-ring switch 
station along the new 230 kV Glen Canyon to Buckskin Transmission Line, and a new transmission line 
from the switch station north along an existing BLM road to a new electrical substation on the BPS-3 
(Alt.) site near the GSENM east boundary and within the Congressionally-designated utility corridor. 
This new 138 kV transmission line alignment would be about 5.9 miles long in Kane County, Utah 
(Figure 1-7). 
 
The proposed new BPS-4 Alt. Transmission Line would begin at the upgraded Paria Substation and run 
north to a new electrical substation on the BPS-4 Alternative site. This 69 kV transmission line would be 
about 0.4 mile long in Kane County, Utah (Figure 1-7). 

The proposed new HS-1 Transmission Line would begin at the new HS-1 and tie into the existing 69 kV 
transmission line along Highway 89 from the Buckskin Substation to the Johnson Substation. The HS-1 
69 kV transmission line would be about 400 feet long in Kane County, Utah (Figure 1-8). 
 
The proposed new HS-2 (South) Transmission Line would connect the HS-2 hydroelectric station and 
substation along the South Alternative to an existing 138 kV transmission line paralleling Arizona State 
Route 389. This new 34.5 kV transmission line would be about 0.9 mile long in Mohave County, Arizona 
(Figure 1-8). 
 
The new HS-2 (Highway) Transmission Line alternative would directly connect the HS-2 hydroelectric 
station and substation along the Existing Highway Alternative to an existing 138 kV transmission line 
paralleling Arizona State Route 389. This new 34.5 kV transmission line would be about 200 feet long in 
Mohave County, Arizona. 
 
The proposed new HS-3 Transmission Line would connect the HS-3 hydroelectric station and substation 
to the existing Twin Cities Substation in Hildale City, Utah. The new 12.47 kV transmission line would 
be about 0.6 mile long in Washington County, Utah (Figure 1-8). 
 
The proposed new HS-4 (Alt.) Transmission Line would connect the HS-4 (Alt.) hydroelectric station 
and substation to an existing transmission line parallel to Utah State Route 59. The new 69 kV 
transmission line would be about 7.5 miles long in Washington County, Utah (Figure 1-8). 
 
The proposed new Hurricane Cliffs Afterbay to Sand Hollow Transmission Line would consist of a 
new 69 kV transmission line, which would run northwest from the Hurricane Cliffs peaking power plant 
and substation to the Sand Hollow Hydro substation. This new 69 kV transmission line would be about 
4.9 miles long in Washington County, Utah (Figure 1-8). 
 
The proposed new Hurricane Cliffs Afterbay to Hurricane West Transmission Line would consist of 
a new 345 kV transmission line, running from the Hurricane Cliffs pumped storage power plant northwest 
and then north to the planned Hurricane West 345 kV substation. This new 345 kV transmission line 
would be about 10.9 miles long in Washington County, Utah (Figure 1-8). 
 
The proposed new Sand Hollow to Dixie Springs Transmission Line would consist of a new 69 kV 
transmission line, running from the Sand Hollow Hydro substation around the east side of Sand Hollow 
Reservoir and north to the existing Dixie Springs Substation. This new 69 kV transmission line would be 
about 3.4 miles long in Washington County, Utah (Figure 1-8). 
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1.2.5 Natural Gas Pipeline and Generators Alternative 
 
Natural gas engine-driven generation systems to power electric pumps would be an alternative to 
powering the LPP Project pump stations by electricity via transmission lines. Recent discussions with 
Questar Gas Company (local natural gas supplier) indicated that capacity would be available in the Kern 
River natural gas pipeline, which is located west of St. George, Utah, to supply natural gas for this 
alternative. Questar Gas Company indicated the company has future plans to extend a high pressure 
natural gas pipeline from the Kern River line to Hurricane, Utah. The Questar Gas pipeline would be 
sized to supply natural gas to the LPP Project if it is determined that a single-purpose, dedicated high 
pressure gas line would be extended to service the LPP pump stations. Based on the preliminary pump 
selection and fuel requirements, the natural gas supply pipeline would be 12 inches in diameter to provide 
natural gas supply for the LPP Project pump stations. The pipeline would likely be successively reduced 
in size as it delivers gas to each of the pump stations. 
 
1.2.5.1 Natural Gas Transmission Line Connection 
 
The natural gas supply line alternative would connect to the proposed Questar Gas Transmission Line 
from the existing Kern River line to Hurricane City. The natural gas supply line would connect to the high 
pressure gas transmission line at a proposed gate station southeast of Sand Hollow Reservoir. The 
proposed gate station would be located adjacent to the alignment of the extension of the Southern 
Corridor Highway, which is the existing alignment of Sand Hollow Road east of Sand Hollow Reservoir 
(Figure 1-9). 
 
1.2.5.2 Natural Gas Supply Line 
 
The proposed natural gas supply line would be an intermediate high pressure line and would operate 
between approximately 250 to 300 psi at the gate station connection. Because of pressure losses in the 
pipeline it is anticipated that the pressure at each of the LPP pump stations would vary between 50 and 
100 psi, which would meet the requirements of the natural gas generators. The pipeline would be 
constructed of strong carbon steel and have a dielectric coating, such as a fusion bonded epoxy or 
extruded polyethylene. It would be installed with a minimum four feet of cover and be provided with 
cathodic protection (a technique that involves inducing an electric current through the pipe to ward off 
corrosion and rusting). The pipeline would be designed, constructed, tested, and operated at a minimum in 
accordance with all applicable requirements included in the U.S. DOT regulations in 49 CFR Part 192, 
“Transportation of Natural Gas and other Gas by Pipeline: Minimum Federal Safety Standards,” and other 
applicable federal and state regulations. 
 
The natural gas supply line would follow the proposed LPP ROW from the Sand Hollow Gate Station to 
the intake pump station near Page, Arizona. The line would be about 138.5 miles long and installed a 
minimum of 10 feet from the edge of the proposed water pipeline in a separately excavated trench within 
the LPP ROW. Figure 1-9 shows the west alignment of the natural gas supply line as proposed and an 
alternative alignment along Arizona State Route 389 and through Fredonia, Arizona, parallel to the 
Existing Highway Alternative alignment, both to the west GSENM boundary. Figure 1-10 shows the east 
alignment of the natural gas supply line as proposed from the west GSENM boundary to the water intake 
pump station. 
 
Sectionalizing valves would be required along the natural gas supply line alignment. These valves are 
safety devices used for emergency shut down or maintenance. The natural gas supply line sectionalizing 
valves would be required at approximately 20-mile intervals because of the gas line’s remoteness. The  
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main line valve sites would cover a 40-foot by 40-foot area surrounded by a chain link fence within the 
confines of the permanent LPP pipeline ROW. The valves would be above ground and connected to the 
buried natural gas supply line. Additionally, pig launching or receiving equipment would be installed 
within the fenced areas. Pigs are devices that are placed into a natural gas supply line to clean the inside 
walls or to monitor its internal and external condition. Launching and receiving equipment is connected to 
the natural gas supply line to enable pigs to be inserted into or removed from the pipeline. 
 
1.2.5.3 Natural Gas Generators 
 
Natural gas generators would be used to supply power to operate the electric pumps at the LPP pump 
stations. The size of the electric pumps is approximately 18 feet from center to center when configured. 
The overall pump station building size would be 14 feet wider and 18 feet longer than the pump stations 
which are powered by electricity from transmission lines. 
 
The natural gas generators would be approximately 35 feet long by eight feet wide by nine feet high. The 
intake pump station building size for the natural gas generators would be approximately 65 feet wide by 
170 feet long by 50 feet high, and located adjacent to the pump station electrical room within the five-acre 
site designated for each pump station. The booster pump station building size for the natural gas 
generators would be 65 feet wide and 39 feet high, with lengths ranging from 114 feet to 162 feet long. 
Each natural gas generator would require a 24-inch diameter stack, with guide wires, extending above the 
building roof to disperse the exhaust gases. The five stacks (four operating natural gas generators plus one 
standby natural gas generator) at the intake pump station would extend 20 feet above the top of the 55-
foot tall building. The stacks at BPS-1, BPS-2, BPS-3 (Alt.), and BPS-4 (Alt.) would extend 61 feet above 
the top of the buildings to a total height of 100 feet above the ground surface. The natural gas generators 
at the intake pump station and BPS-4 (Alt.) would require emission control systems to meet air quality 
standards. 
 
The natural gas generators alternative at the LPP pump stations would require an annual natural gas 
supply of 2,855,400 million British thermal units (MMBtu). Table 1-1 shows the annual natural gas 
consumption at the proposed project intake pump station and booster pump stations 1 through 4. 
 
 

 
Table 1-1 

Water Conveyance System Natural Gas Generator Annual Fuel Consumption 
 

Pump 
Station 

Site 
Elevation 
Feet MSL 

Number  
of 

Pumps 

Motor  
(HP) 

Total 
Motor 
(kW) 

Natural Gas 
Generator 

GE Model 

# of 

Units1 

Emission 
Control 

Required 

Generator 

Total kW2 

Annual Fuel 
Consumption 

(MMbtu)3 

IPS 3,750 5 3000 11,190 JGS 620 F09 4+1 Yes 12,120 729,000 

BPS-1 4,111 5 1500 5,595 JGS 620 F09 2+1 No 5,992 364,500 

BPS-2 4,311 5 1750 6,530 JGS 620 F09 3+1 No 8,895 425,400 
BPS-3 

Alt. 
4,657 5 2500 9,325 JGS 620 F09 4+1 No 11,652 607,500 

BPS-4 
Alt. 

5,001 5 3000 11,190 JGS 620 F09 5+1 Yes 14,430 729,000 

Total 25  43,830  18+5  53,089 2,855,400 
Notes: 
1 Number of operating units plus standby generator 
2 Total generator capacity without standby generator 
3 The annual fuel consumption is based on all pumps operating at rated motor horsepower, 8400 hours/year operation with generators loaded at 87 perce

on the average. 
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1.3 Summary Description of No Lake Powell Water Alternative 
 
The No Lake Powell Water Alternative would involve a combination of developing remaining available 
surface water and groundwater supplies, developing reverse osmosis treatment of existing low quality 
water supplies, and eliminating residential outdoor water use in the WCWCD service area. This 
alternative could provide a total of 86,249 acre-feet of water annually to WCWCD and KCWCD for M&I 
use without diverting Utah’s water from Lake Powell. 
 
1.3.1 WCWCD No Lake Powell Water Alternative 
 
1.3.1.1 Background 
 
The WCWCD LPP allocation would be 82,249 acre-feet per year, and the WCWCD No Lake Powell 
Water alternative would need to supply 82,249 acre-feet per year to meet the same future water demands. 
In addition to the direct supply from Utah’s Colorado River water, the water supplied by the LPP Project 
would provide additional wastewater reuse supply provided that sufficient storage is available. 
 
The No Lake Powell Water Alternative would serve the same population as the LPP Project. WCWCD 
would implement other future water development projects currently planned by the District, develop 
additional water reuse/reclamation programs, continue to implement new water conservation measures, 
and convert additional agricultural water use to M&I use as a result of urban development in agricultural 
areas through 2028. Remaining planned and future water supply projects include the Ash Creek Pipeline 
(2,840 acre-feet per year), Sand Hollow recharge/recovery (3,000 acre-feet per year), Westside 
groundwater wells arsenic treatment (5,000 acre-feet per year), and development/yield increase of 
existing groundwater wells (2,830 acre-feet per year). Along with existing supplies, these future water 
supplies would yield an estimated 72,842 acre-feet per year of potable water and 8,505 acre-feet per year 
secondary water by 2028.  
 
Under the No Lake Powell Water Alternative, actions in addition to the currently planned WCWCD 
projects would be taken to meet the water demand that would have been supplied by the Lake Powell 
Pipeline, as described below. 

1.3.1.2 WCWCD No Lake Powell Water Alternative Features 
 
Beginning in 2025, Washington County residential outdoor potable water use would be permanently re-
purposed to indoor potable water use to help meet increasing indoor potable water demands. The 
WCWCD would develop a reverse osmosis (RO) advanced water treatment facility near the Washington 
Fields Diversion in Washington County, Utah, to treat up to 50,000 acre-feet per year of diverted Virgin 
River water, which has a high total dissolved solids (TDS) concentration, mixed with an additional 
19,030 acre-feet per year of reuse water. WCWCD would develop the Warner Valley Reservoir to store 
the reuse water and diverted Virgin River water prior to RO treatment. A water distribution pump station 
and pipeline would be constructed to convey 13,249 acre-feet of potable water from Quail Creek Water 
Treatment Plant to the Apple Valley area of Washington County. Figure 1-11 shows the primary 
conceptual components of the No Lake Powell Water Alternative. Table 1-2 summarizes available 
supplies and projected demands under the No Lake Powell Water Alternative and the LPP Project 
alternatives.  
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Table 1-2 

Available Supplies and Projected Demands Under the 
No Lake Powell Water and Lake Powell Pipeline Project Alternatives 

 No Lake Powell 

Water 

Alternative 

Lake Powell 

Pipeline Project 

Alternative 

Existing Supplies 67,677 67,677 

Planned Projects 13,670 13,670 

Lake Powell Pipeline Project 0 82,249 

RO Treatment of Virgin River and Reuse Water 57,883 0 

Agricultural Conversion 01 10,080 

Reuse 17,1002 36,130 

2060 Total Supply 156,330 209,806 

2060 Total Demand 133,1193 185,285 

Surplus in 2060 23,211 24,521 
Notes: 
1Agricultural conversion water included in RO treatment. 
219,030 acre-feet per year additional reuse included in RO treatment. 
3Demand reduced 52,166 acre-feet per year from elimination of residential outdoor watering 

 
 
1.3.1.2.1 Re-Purposing Potable Water Use. The No Lake Powell Water Alternative would permanently 
eliminate residential outdoor potable water use in Washington County, re-purposing the portion of potable 
water used for residential outdoor watering to indoor potable use. Projections of future water use through 
2060 account for population growth, climate change (projected 6 percent reduction of Virgin River flows 
by 2050 [Reclamation 2014]), and water conservation (35 percent reduction in per capita water use from 
2000 to 2060). Potable water in Washington County is consumed for residential indoor and outdoor uses, 
commercial uses, institutional uses, and industrial uses. These potable water uses would total 130,245 
acre-feet per year by 2052, the year the LPP Project water is anticipated to be fully utilized (UDWRe 
2015). Gradually eliminating residential outdoor potable water use starting in 2025 would provide the 
growing population with potable water for indoor use through 2045; however, re-purposing residential 
outdoor potable water use to indoor use would not increase the water supply and would have to be 
accompanied by adding another water supply to meet the growing demand. Re-purposing residential 
outdoor potable water use to indoor potable use would require converting traditional residential outdoor 
landscapes and uses to either landscaping requiring no irrigation or desert landscapes compatible with the 
local climate. Residential water users would be responsible for converting their traditional outdoor 
landscapes to non-irrigated or desert landscapes. If no additional water supply was added in Washington 
County after 2025 and potable water use continued to meet residential indoor and outdoor purposes, then 
the projected population would completely utilize the potable water supply of 72,842 acre-feet per year by 
2028. 
 
1.3.1.2.2 Reverse Osmosis Water Treatment. Washington County’s additional future water supply 
under the No Lake Powell Water Alternative would be dependent on two water sources: 1) Virgin River 
water diverted at the Washington Fields Diversion; and 2) reuse water from an expanded St. George 
Regional Water Reclamation Facility. WCWCD would develop a RO advanced water treatment facility 
near Washington Fields Diversion in Washington County, Utah. The RO facility would be designed to 
treat 50,000 acre-feet of de-silted water per year diverted from the Virgin River at Washington Fields 
Diversion. St. George Regional Wastewater Reclamation Facility would provide an additional 19,030 
acre-feet of water per year to be treated at the RO facility. The RO facility would be necessary to remove 
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the high concentrations of TDS present in both the Virgin River and the effluent from the St. George 
Regional Wastewater Reclamation Facility. The reuse facility has a current capacity of approximately 
7,800 acre-feet per year, with a future design capacity of 11,760 acre-feet per year. An additional 7,830 
acre-feet per year of future wastewater reclamation capacity would need to be added to meet the total 
reuse water requirement of 19,030 acre-feet per year for RO processing inflow. The RO process would 
separate the TDS from the water, resulting in two products: 1) a treated water product; and 2) a brine 
product consisting of highly concentrated salts. A two-stage RO process would be applied to the brine 
solution to recover additional water and reduce the brine volume for enhanced evaporation. The RO-
treated water product would be pH-adjusted to neutral pH, dosed with sodium silicate, mixed with 
conventionally-treated water from the Quail Creek Water Treatment Plant, and disinfected for distribution 
throughout the WCWCD service area. The RO advanced water treatment facility would process up to 
64,313 acre-feet per year and produce up to 57,883 acre-feet per year of water suitable for M&I potable 
indoor use. The two-stage RO process would remove 90 percent of the TDS. The remaining 10 percent 
rejection (6,430 acre-feet per year) of brine by-product from the RO treatment process would require 
evaporation and disposal meeting State of Utah water quality regulations. The RO water treatment plant 
would process approximately 64,313 acre-feet per year of inflow water from Warner Valley Reservoir 
storage to meet the 2052 water demand under the No Lake Powell Water Alternative. 
 
The RO water treatment plant processes would consist of pressurized, parallel ultra-filtration units, an 
influent storage tank with acid added to adjust the pH, pressurized cartridge filtration to remove additional 
particles from the water, high pressure pumping to pass the water through the parallel RO membrane 
units, a product water storage tank with saturated lime solution added to adjust the pH of the treated 
product water prior to disinfection and distribution as potable water, and brine storage tanks in series with 
the two-stage RO process units for further brine reduction. These water treatment processes would be 
housed in a water treatment building with electrical, mechanical, chemical storage and metering, 
heating/air conditioning/ventilation, and SCADA systems. A seven-mile long buried 54-inch diameter 
pipeline would convey the product water from a pump station at the RO water treatment plant to the Quail 
Creek Water Treatment Plant. The RO water treatment plant would add RO membrane units in phases as 
necessary to meet the growing water demand. The RO water treatment plant would be powered by 
electricity, requiring a 2.8-mile long 69-kV power transmission line from the proposed Purgatory 
Substation. 
 
The concentrated brine product (6,430 acre-feet per year) would be pumped from the brine tanks through 
a pipeline to an evaporation apron, spray system and double-lined pond, and then pumped into spray 
headers over a series of double-lined ponds with leak detection and recovery systems. The enhanced 
evaporation ponds would be located south of Warner Valley Reservoir and would cover approximately 
2,000 acres, developed in two phases. A buried brine conveyance pipeline approximately 4.4 miles long 
would convey the concentrated brine to the enhanced evaporation ponds. A 4.4-mile long 34.5-kV power 
transmission line would be extended from the RO water treatment plant to the enhanced evaporation 
ponds to provide electricity for the pumps spraying the brine solution. The brine solids would be 
evaporated for approximately 25 years in the Phase 1 ponds, and then dried, collected and disposed in an 
approved solid waste landfill. The Phase 2 enhanced evaporation ponds would be used during the 
following 25 years to continue evaporating the brine by-product. Additional infrastructure would be 
required as part of this alternative, including a de-silting facility, pump stations, pipelines, switch stations 
and substations, blending and storage tanks, and other associated earthwork. 
 
1.3.1.2.3 Secondary Water Storage in Warner Valley Reservoir. WCWCD would develop the Warner 
Valley Reservoir to store diverted Virgin River water and reuse water from the St. George Regional 
Water Reclamation Facility, which would be delivered as inflow to the RO advanced water treatment 
facility. Warner Valley Reservoir would be located south-southwest of the Washington Fields Diversion. 
An earth-fill embankment with a clay core and rock-riprap facing would be constructed across the north 
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entrance to the natural valley. The reservoir would have a maximum active storage volume of 69,030 
acre-feet and would cover approximately 1,130 acres, including the earth-fill embankment. A large pump 
station would be constructed at the Washington Fields Diversion to pump the diverted Virgin River water 
into the Warner Valley Reservoir. The pump station would be powered by electricity via the 69-kV 
transmission line from the Purgatory Substation to the RO water treatment plant. The reservoir would 
store Virgin River water diverted at the Washington Fields Diversion (50,000 acre-feet per year) mixed 
with St. George Regional Water Reclamation Facility effluent (19,030 acre-feet per year), accounting for 
annual average evaporation (4,717 acre-feet per year), to produce up to 57,883 acre-feet of RO product 
water (assuming 90 percent recovery). The brine product from RO treatment would total approximately 
6,430 acre-feet per year.  
 
1.3.1.2.4 Water Distribution to Apple Valley. The largest remaining contiguous land area available for 
development in Washington County would be in Apple Valley. WCWCD would develop a pump station 
and 28-mile long pipeline to deliver 13,249 acre-feet per year of potable water from the Quail Creek 
Water Treatment Plant near Hurricane City to the Apple Valley area to meet future residential and 
commercial water demands. 
 
1.3.2 KCWCD No Lake Powell Water Alternative 
 
The KCWCD No Lake Powell Water Alternative would rely on existing water supplies, water 
conservation measures resulting in reduced water use, and future water development projects consisting 
of new groundwater production. Reliable water supplies (projected to be 2,170 acre-feet per year in 2035) 
for the area served by KCWCD (Kanab City and Johnson Canyon), adjusted for projected stream flow 
reductions (4.2 percent in 2035) resulting from climate change and a planning reserve (10 percent), would 
be exceeded by projected M&I water demands by 27 acre-feet per year within the KCWCD service area 
in 2035. KCWCD projected potable water demand in 2060 would be 3,435 acre-feet per year, with a 
potable water deficit of 1,334 acre-feet per year. Additional groundwater in the Kanab Creek drainage 
basin could be developed to provide up to 6,615 acre-feet per year of potable water within the aquifer’s 
estimated safe yield. The quality of this water would likely require advanced water treatment. The 
developed groundwater from the Kanab Creek drainage basin would be pumped and conveyed through an 
eight-mile long pipeline to the Johnson Canyon drainage basin. The Johnson Canyon drainage basin 
comprises the potable water supply service area served by KCWCD in the area that could be served by 
the LPP Project. 
 

1.4 Summary Description of the No Action Alternative 
 
No new intake, water conveyance or hydroelectric features would be constructed or operated under the 
No Action Alternative. FERC would not issue a license for the LPP Project. The Utah Board of Water 
Resources’ Colorado River water rights consisting of 86,249 acre-feet per year would not be diverted 
from Lake Powell and would continue to flow into the lake until the water is used for another State of 
Utah purpose.  
 
1.4.1 WCWCD No Action Alternative 
 
Under the No Action Alternative, WCWCD would complete the Ash Creek Project, planned groundwater 
development and continue to implement planned conservation programs. Wastewater reuse would be 
utilized to the maximum extent storage allows. Existing and future water supplies totaling 72,840 acre-
feet per year potable and 8,505 acre-feet per year secondary would meet projected M&I water demand 
within the WCWCD service area through approximately 2028, exhausting all water planning reserves. 
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Each supply source would be phased in to meet the M&I potable and secondary water demand associated 
with the forecasted population. 
 
The No Action Alternative would not provide WCWCD with any reserve water supply (e.g., water to 
meet annual shortages because of drought, emergencies, and other losses). The No Action Alternative 
would not provide adequate water supply to meet projected water demands beyond 2028. There would be 
a projected water shortage of approximately 102,903 acre-feet per year in 2060 within the WCWCD 
service area under the No Action Alternative. 
 
1.4.2 KCWCD No Action Alternative 
 
KCWCD would use existing water supplies to meet potable water demands through 2035. Reliable water 
supplies are projected to be 2,101 acre-feet per year in 2060.  
 
The No Action Alternative would not provide KCWCD with any reserve water supply (e.g., water to meet 
annual shortages because of drought, emergencies, and other losses). The No Action Alternative would 
not provide adequate water supply to meet projected water demands beyond 2035. There would be a 
projected water shortage of approximately 1,334 acre-feet per year in 2060 within the KCWCD service 
area under the No Action Alternative. 
 

1.5 Identified Issues 
 
Wetlands are areas that meet the criteria for soils, hydrology, and vegetation as defined in the 1987 U.S. 
Army Corps of Engineers (USACE) Wetland Delineation Manual (USACE 1987). These are areas that 
are inundated or saturated by surface or groundwater at a duration and frequency sufficient to support 
vegetation typically adapted for saturated soil conditions. Wetland areas typically comprise marshes, 
shallow swamps, lakeshores, wet meadows, and riparian areas and are often along or adjacent to perennial 
or intermittent water bodies.  
 
Riparian areas are vegetated zones that form a transition between permanently saturated and upland areas 
and typically exhibit vegetation and physical characteristics associated with permanent sources of surface 
or subsurface water. These areas may or may not meet all three USACE criteria for wetlands. The Project 
alternative alignments would cross a number of riparian areas along, adjacent to, or contiguous with 
perennial and intermittent rivers or water bodies. Although accounting for a small percentage of the 
overall Project area, riparian areas are among the most productive and important ecosystems in the Project 
vicinity; as a general rule riparian areas have a greater diversity of flora and fauna than adjacent uplands. 
Riparian systems filter and purify water, reduce sediment loads, enhance soil stability, provide 
microclimatic moderation when contrasted with extremes in adjacent areas, and can contribute to 
groundwater recharge and base flow. 
 
Wetlands that are determined to be hydrologically connected to “waters of the United States” are 
considered jurisdictional waters, and permitting is required through the USACE if they are impacted. 
Ephemeral and intermittent streams or washes, which are common in the study area, often do not exhibit 
the presence of vegetation dependent on saturated soils and are infrequently considered wetlands under 
the USACE criteria. On October 9, 2015, the Sixth Circuit Court issued an order staying the new Clean 
Water Rule nationwide, pending a determination by the court on jurisdiction to review the rule. Thus, the 
Clean Water Rule is stayed, and the prior 1986 regulations are in effect nationwide. USACE and EPA are 
evaluating the order and its implications for the litigation that is currently pending in district courts. In the 
meantime, USACE is not implementing the Clean Water Rule, and is using the 1986 regulations and 
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applicable guidance (those in effect prior to August 28, 2015) in making jurisdictional determinations or 
taking other actions based on the definition of "waters of the United States.  
 
Although some riparian areas may not be regulated as wetlands and other potential jurisdictional waters, 
they are of interest because they provide important habitat for wildlife, including refuge and forage areas. 
This is also the case for wetlands that might not be considered jurisdictional waters. Therefore, the study 
report will evaluate all wetlands and riparian areas found in the study area, regardless of their regulatory 
status. 
 
1.5.1 Study Goals and Objectives 
 
The goals of the wetland and riparian report are to identify and determine impacts to wetlands, riparian 
areas, and potential jurisdictional waters from Project construction and operation. Information regarding 
potential wetland and riparian impacts and concerns will be used to guide decisions in the Project design, 
construction, operation and maintenance to minimize impacts from the Project.  
 
Specific wetland and riparian related objectives include determination of how construction of the Project 
and operation of the Project facilities will affect wetland, riparian and potential jurisdictional water 
resources along the alternative alignments. Following are the primary objectives of the wetlands and 
riparian study: 
 

 Evaluate baseline conditions in the study area by mapping and describing wetlands, riparian 
areas, and other potentially potential jurisdictional areas (intermittent and ephemeral drainages), 
and by performing a wetland functions and values assessment. 

 Identify and avoid impacts on wetlands from Project construction, operation and maintenance 
activities 

 Determine which “dry” crossings are “potential jurisdictional waters of the United States” during 
intermittent flows 

 Identify and minimize construction impacts on riparian areas and other potentially jurisdictional 
resources (intermittent and ephemeral drainages) 

 Identify and minimize indirect hydrologic and water quality impacts to wetlands, riparian areas, 
and other potentially jurisdictional areas from releases at blowoff valves 

 Control the spread of invasive species such as tamarisk as a result of the Project 

 Quantify potential temporary or permanent loss of wetland area as a result of the Project 

 Evaluate potential changes in the function of wetlands, including changes in plant communities, 
soils, or hydrology as a result of the Project 

 Identify and quantify potential temporary or permanent loss of or impact to non-wetland riparian 
areas or potential jurisdictional waters 

 Identify and document in a mitigation plan incorporated into the study report mitigation measures 
and concepts for mitigating adverse impacts caused by Project construction and operation on 
wetlands and riparian areas as determined by the USACE following their preliminary 
jurisdictional analysis 
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1.5.1.1 Potential Jurisdictional Determination 
 
In a meeting on June 18, 2008 prior to the 2015 ruling with the USACE and LPP project team, USACE 
provided the following feedback on determining potential jurisdictional waters in the study area: 
 

 Drainages connected to a navigable waterway such as Lake Powell are considered potentially 
jurisdictional because of interstate commerce. USACE considers dry washes and drainage-ways 
potentially jurisdictional if they are within several miles of a navigable waterway, which is 
regulated under Section 10 of the Rivers and Harbors Act. USACE uses their discretion on the 
distance a drainage-way is from a navigable waterway to determine jurisdiction. 

 Perennial streams and rivers (i.e. Paria River) are under the potential jurisdiction of the USACE 
through Section 404 of the Clean Water Act. 

 Wetlands are under the jurisdiction of the USACE unless they don’t meet the jurisdictional 
criteria with regard to Section 404 of the Clean Water Act. 

 USACE does not have jurisdiction for pipelines installed above the mean high water mark (i.e. 
aerial crossings) or pipelines installed by horizontal subsurface bore and jack or microtunnel 
methods. 

Some drainage-ways and washes may not be jurisdictional because they are not connected to a navigable 
waterway or involved in interstate commerce. However, the USACE indicated that potential jurisdictional 
studies should be performed on all drainages and washes. A preliminary jurisdiction would be requested, 
it treats all waters as jurisdictional and it allows the applicant to move forward without waiting for 
approval of a jurisdictional delineation. 
 
On October 9, 2015, the Sixth Circuit Court issued an order staying the new Clean Water Rule 
nationwide, pending a determination by the court on jurisdiction to review the rule. Thus, the Clean Water 
Rule is stayed, and the prior 1986 regulations are in effect nationwide. USACE and EPA are evaluating 
the order and its implications for the litigation that is currently pending in district courts. In the meantime, 
USACE is not implementing the Clean Water Rule, and is using the 1986 regulations and applicable 
guidance (those in effect prior to August 28, 2015) in making jurisdictional determinations or taking other 
actions based on the definition of "waters of the United States. 
 

1.6 Impact Topics 
 
The following impact topics are addressed in the Wetlands and Riparian Resources Study Report: 
 

 Wetlands 
 Riparian Areas 
 Potential Jurisdictional Waters 
 Permitting Requirements 
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Chapter 2 
Methodology 

 
2.1 Data Used 

 
2.1.1 Background/Literature Review 
 
The wetlands and riparian analyses included the following: 
 

 Geographic Information System (GIS) layer with study area of the project alternatives 
 Wetland mapping (i.e. National Wetland Inventory [NWI] maps), where available 
 Soils mapping, including locations of hydric soils, where available 
 Hydrologic maps showing locations of intermittent, ephemeral, and permanent waterways and 

their receiving bodies, including U.S. Geological Survey (USGS) topographic maps 
 Aerial photography (2007 one-meter National Agricultural Imagery Program [NAIP] imagery in 

Arizona and 2009 one-meter NAIP imagery in Utah) and video 
 USGS stream gauge data, where available 
 Vegetation mapping, including identification of riparian areas 

 
2.1.2 Field Data 
 
Data collected in the field included evaluation of vegetation, soils, and hydrology at stream crossings and 
washes. Scour chains and crest gages were installed in washes and streams at selected locations to collect 
additional hydrological data. Permission was obtained from the Kaibab Tribe prior to any work occurring 
on Kaibab-Paiute Indian Reservation lands. The boundaries of wetland and riparian areas and channel 
cross-sections were mapped in the field using global positioning system (GPS) instruments with data 
conversion to geographic information systems (GIS). 
 
2.1.2.1 Wetland Determination 
 
A wetland determination was performed in all areas containing wetland and/or riparian vegetation 
following the methodology outlined in the 1987 USACE Wetland Delineation Manual (USACE 1987) 
and the Interim Regional Supplement to the Corps of Engineers Wetland Delineation Manual for the Arid 
West (USACE 2006). This included an evaluation of vegetation, soils, and hydrology. Data were 
collected at a paired set of points at the boundary of each wetland or riparian feature, including excavation 
of soil pits to 18 inches below ground surface, or at refusal, if refusal occurred at less than 18 inches. 
Only one feature, Gould Wash, met the three-parameter criteria for wetland determination. This area is no 
longer contained within the project footprint; therefore, no wetland impacts would occur. 
 
2.1.2.2 Functional Assessment 
 
Functional assessments were completed for all areas with riparian and/or wetland vegetation evaluated in 
2009. Washes without wetland/riparian vegetation were documented photographically. Functions are the 
ecological processes performed by wetlands. In contrast to wetland functions, values are subjective 
descriptions of the worth or quality of a wetland from a societal perspective, including aesthetics and 
recreational opportunities. There are various methods of evaluating wetland functions and values, 
including the Utah Department of Transportation (UDOT) Wetland Functional Assessment (Johnson et al. 
2006), Wetland Evaluation Technique (WET) (Adamus et al.1987), Oregon Freshwater Wetland 
Assessment Methodology (Roth et al. 1996), and professional judgment. The basic approach in these 
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methodologies is to evaluate a wetland against a checklist of specific functions and values based on a 
visual assessment of its physical, biological, hydrological, and societal characteristics. The UDOT 
Wetland Functional Assessment was designed for highway projects in portions of the study area, and this 
method was selected as a basis for assessing wetland function in this study. The functional assessment 
was modified to specifically address the study area (i.e. locations in Utah and Arizona, with most areas 
being riparian areas and not meeting wetland criteria). The UDOT Wetland Functional Assessment 
method assigns a numeric rating to all evaluated wetlands and riparian areas to allow for comparison of 
the overall biological and hydrological functional level of different features. A values assessment also 
allows for comparison of the relative importance of visual quality and recreational/educational values 
between features. 
 
In addition to the UDOT Wetland Functional Assessment Method, Proper Functioning Condition (PFC) 
was assessed for all areas with wetland and/or riparian vegetation. The PFC method used in this study 
was developed by The Bureau of Land Management (BLM), the Fish and Wildlife Service (FWS), and 
the Natural Resources Conservation Service (NRCS) (BLM 2003, 1998). This method uses a qualitative 
checklist to assess the condition of riparian and wetland areas by evaluating hydrology, vegetation, and 
soils attributes and processes. 
 
According to BLM (1998) a riparian-wetland area is considered to be in PFC when adequate vegetation, 
landform, or large woody debris is present to: 

 dissipate stream energy associated with high waterflow, thereby reducing erosion and improving 
water quality; 

 filter sediment, capture bedload, and aid floodplain development; 

 improve flood-water retention and ground-water recharge; 

 develop root masses that stabilize stream banks against cutting action; 

 develop diverse ponding and channel characteristics to provide the habitat and the water depth, 
duration, and temperature necessary for fish production, waterfowl breeding, and other uses; and 

 support greater biodiversity. 
 

If a riparian-wetland area is not in PFC, it is placed into one of three other categories: 
 

 Functional—At Risk - Riparian-wetland areas that are in functional condition, but an existing 
soil, water, or vegetation attribute makes them susceptible to degradation. 

 Nonfunctional - Riparian-wetland areas that clearly are not providing adequate vegetation, 
landform, or large woody debris to dissipate stream energy associated with high flows, and thus 
are not reducing erosion, improving water quality, etc. 

 Unknown - Riparian-wetland areas that managers lack sufficient information on to make any 
form of determination. 

 
2.1.2.3 Scour Chains and Crest Gages 
 
Scour chains were installed in washes and streams that would be crossed by the Lake Powell Pipeline to 
measure bed scour depth, sediment deposition, and bed aggradation or degradation following peak runoff 
events. Each scour chain consisted of a 24-inch long metal chain with 1.2-inch long links attached to a 
duck-bill soil anchor. The soil anchor was driven vertically into the streambed at the proposed pipeline 
crossing, with the top link of the chain matching the stream bed grade. During precipitation events 
resulting in flow through the wash or stream, sediments scoured from the channel bed at the scour chain 
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location exposed the chain and deflected it in the flow direction. The length of chain left horizontal in the 
channel bed following the runoff event indicated the depth of scour. Sediment deposited over the top of 
the scour chain indicated the amount of sediment fill during and after a flow and scour event. If the 
sediment fill over the chain was greater than the length of the chain, then this indicated a net increase in 
the channel bed elevation or bed aggradation. If the sediment fill over the chain was less than the length 
of chain installed in the bed, then this indicated a net decrease in the channel bed elevation or bed 
degradation. Scour chains were monitored periodically during the field studies and measurements were 
recorded in field notebooks. The scour chains were reset to vertical positions following each 
measurement. 
 
Crest gages were installed in washes and streams near scour chains to measure the peak flow stage during 
the period between monitoring trips. The crest gage site was selected based on a straight channel reach 
with an upstream approach of at least 100 feet, uniform cross section and channel slope, and consistent 
channel bed and bank conditions. Each crest gage consisted of a 24-inch long, one-inch diameter PVC 
pipe with end caps, holes drilled near each end of the pipe to allow water and air to move freely, cork dust 
placed in the bottom end of the pipe, a four-foot long steel rebar, and plastic electrical ties to attach the 
pipe to the rebar. The rebar was driven vertically into the streambed and the PVC pipe was attached 
vertically to the rebar with the ties, with the bottom end cap matching the streambed grade. During 
precipitation events resulting in flow through the wash or stream, the water level would fill the pipe and 
carry the cork dust to the highest flow stage, leaving a residue on the pipe sides. The cork dust ring was 
measured and recorded from the bottom of the crest gage to indicate the peak flow depth at the 
representative cross section during the period since the previous monitoring trip. 
 
Stream channel cross sections and channel bed profile were mapped in each monitoring reach containing 
the crest gage and scour chain with a mapping grade GPS instrument. The GPS data were analyzed to 
develop representative cross sections and the channel bed slope for use in calculating peak flows using the 
crest gage data. 
 
Scour chains were installed in, monitored, and then removed from the washes and streams listed in 
Table 2-1. 
 
 

 
Table 2-1 

Scour Chains Installed and Removed During Field Surveys 
 

Wash or Stream Description 
Date 

Installed 
Date 

Removed 
South Forebay Wash 7/22/2009 Lost in 2009 
Bitter Seeps Wash 7/22/2009 12/14/2011 
Two Mile Wash 7/23/2009 12/14/2011 
Cottonwood Creek 7/23/2009 12/14/2011 
Jacob Canyon at Kanab Creek 7/23/2009 12/14/2011 
Kanab Creek at Jacob Canyon 7/23/2009 12/14/2011 
First Wash west of Greenehaven 7/24/2009 12/13/2011 
Second Wash west of Greenehaven 7/24/2009 12/13/2011 
Wash west of Blue Pool Wash 7/24/2009 Lost in 2010 
Sand Gulch near confluence w/Paria River 7/24/2009 12/13/2011 
Paria River, Hwy 89 7/24/2009 Lost in 2010 
Johnson Wash 7/24/2009 12/13/2011 
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Crest gages were installed in, monitored, and then removed from the washes and streams listed in 
Table 2-2. 
 

 
Table 2-2 

Crest Gages Installed and Removed During Field Surveys 
 

Wash or Stream Description 
Date 

Installed 
Date 

Removed 
South Forebay Wash 7/22/2009 12/14/2011 
Bitter Seeps Wash 7/22/2009 12/14/2011 
Jacob Canyon at Kanab Creek 7/23/2009 12/14/2011 
Kanab Creek at Jacob Canyon 7/23/2009 12/14/2011 
First Wash west of Greenehaven 7/24/2009 12/13/2011 
Wash west of Blue Pool Wash 7/24/2009 12/13/2011 
Paria River, Hwy 89 7/24/2009 12/13/2011 
Johnson Wash 7/24/2009 4/20/2010* 
Note: 
*Crest gage torn from rebar by livestock, removed from channel. 

 
 

2.2 Impact Analysis Methodology 
 
Data collected during initial data review and field surveys were used to evaluate criteria under the 1986 
regulations in effect nationwide. USACE and EPA are evaluating the order and its implications for the 
litigation that is currently pending in district courts. In the meantime, USACE is not implementing the 
Clean Water Rule, and is using the 1986 regulations and applicable guidance (those in effect prior to 
August 28, 2015) in making jurisdictional determinations or taking other actions based on the definition 
of "waters of the United States. 
 
The description of baseline conditions was determined from an evaluation of existing mapped data and 
the results of field surveys to identify and delineate existing wetlands, riparian areas and other potential 
jurisdictional waters; characterize wetland hydrology and hydrogeological settings; and determine 
wetland and riparian area functions within the potential impact area. 
 
Impacts on wetland, riparian areas, and potential jurisdictional waters were analyzed for each of the 
alternative alignments. These impacts were measured by calculating the area within the study area and 
estimating potential changes in wetland function or value. 
 
Impacts of groundwater level changes on wetland hydrology were estimated qualitatively for wetlands 
and riparian areas using the results of the groundwater resources analysis. The results of the surface water 
hydrology analysis, including impacts from intermittent blowoff valve releases, were used to qualitatively 
determine if wetlands, riparian areas, and potential jurisdictional waters might be reduced or enhanced 
because of changes in surface water levels in streams. Results from analyses of soils and vegetation along 
with review of proposed stormwater pollution prevention and other construction best management 
practices (BMPs) were evaluated to determine potential results to wetlands, riparian areas, and potential 
jurisdictional waters from sedimentation or introduction of non-native or invasive plant species. 
 
The baseline functions and values assessment information was used to characterize the existing wetland 
resources in the impact area of influence and to assess the effects and significance of potential changes 
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from project-related activities. The functional assessment also was used to evaluate potential mitigation 
opportunities, including enhancement and restoration. 
 
The wetlands, riparian areas, and potential jurisdictional waters cumulative impacts analysis addresses the 
combined impacts of the alternatives and any past or future proposed or planned actions that have or are 
likely to affect the wetland, riparian areas, and potential jurisdictional waters in the impact area. 
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Chapter 3 
Affected Environment (Baseline Conditions) 

 
3.1 Study Area 

 
The study area includes the entire length of the alternative alignments and transmission corridors, 
specifically the following features: 
 

 Any wetland, riparian, or other potentially jurisdictional areas (including intermittent and 
ephemeral drainages) directly affected by LPP Project feature construction or operations 

 Any stream or river and associated corridor that would be subject to water discharges or flow 
alterations  

 Any new wetlands created or developed in LPP Project hydroelectric forebay or afterbay facilities 

 Any wetland, riparian or other potentially jurisdictional area (including intermittent and 
ephemeral drainages) affected by transmission line construction and maintenance 

 
3.2 Overview 

 
The following sections discuss riparian areas and potential jurisdictional waters observed in the study 
area. As discussed below, no wetlands occur in the study area. All riparian areas discussed in this chapter 
were preliminarily identified as potential jurisdictional waters. Potential jurisdictional waters identified in 
this chapter also include many areas that do not contain riparian vegetation.  
 

3.3 Wetlands 
 
Only one feature, Gould Wash, met the three-parameter criteria for wetland determination. This area is no 
longer contained within the project footprint; therefore, no wetland impacts would occur.   
 

3.4 Riparian Areas 
 
Riparian areas in the study area are those areas supporting riparian vegetation; including hydrophytic 
vegetation as identified in the National List of Plant Species that Occur in Wetlands (Lichvar and Kartesz 
2009). Riparian plant species observed in riparian areas in the study area included saltcedar (Tamarix 
ramosissima), narrowleaf willow (Salix exigua), Russian olive (Elaeagnus angustifolia), Fremont 
cottonwood (Populus fremontii), rough cocklebur (Xanthium strumarium), and pale spikerush (Eleocharis 
macrostachya). Table 3-1 lists the riparian areas within the study area evaluated, along with the acreage 
of each riparian area. 
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Table 3-1 

Riparian Areas Potentially Impacted1 

Riparian Area Name Alternative Land Ownership2 
Riparian Area 

Acreage 

Wash west of Blue Pool Wash All Alternatives NPS – GCNRA 0.21 
Paria River All Alternatives UDOT/Private 0.38 
Johnson Wash All Alternatives UDOT/Private 0.04 
White Sage Wash South Alternative BLM - ASFO 0.09 
Kanab Creek at Fredonia Existing Highway Alternative Private 0.03 
Cottonwood Creek Existing Highway Alternative ADOT/KBPI 0.01 
Two Mile Wash Existing Highway Alternative KBPI 0.02 
Kanab Creek at Jacob Canyon South Alternative BLM – ASFO 0.06 
Kanab Creek Southeast Corner Alternative BLM – ASFO Not evaluated3 
Bitter Seeps Wash South Alternative BLM – ASFO 0.01 
Short Creek, Colorado City All Alternatives ADOT/Private 0.09 
Short Creek, East Canaan Gap All Alternatives BLM - SGFO/Private 0.07 
Short Creek, West Canaan Gap All Alternatives BLM - SGFO 0.04 

Total:   1.55 
Notes: 
1Impacts were assumed to be restricted to a 50-foot pipeline corridor  
2ADOT – Arizona Department of Transportation 
ASFO = Arizona Strip Field Office 
BLM = U.S. Department of the Interior, Bureau of Reclamation 
KBPI – Kaibab-Paiute Indian Reservation lands 
NPS - GCNRA = National Park Service – Glen Canyon National Recreation Area 
SGFO – St. George Field Office 
UDOT = Utah Department of Transportation 
3Presumed to be similar to Kanab Creek impacts for South Alternative 

 



 

Lake Powell Pipeline 3-3 4/30/16 
Final Wetlands and Riparian Resources Study Report Utah Board of Water Resources 

Table 3-2 summarizes Properly Functioning Condition (PFC) ratings and trends for riparian areas 
evaluated in the study area. PFC data sheets are attached in Appendix A. 
 
 

 
Table 3-2 

Summary of Properly Functioning Condition Ratings and Trends for 
Riparian Areas in the Study Area 

Riparian Area Name PFC Functional Rating Trend 
Wash 1 west of Blue Pool Wash Nonfunctional Not Apparent 
Paria River Functional - At Risk Downward 
Johnson Wash Nonfunctional Downward 
Kanab Creek at Fredonia Functional - At Risk Downward 
Cottonwood Creek Functional - At Risk Not Apparent 
Two Mile Wash Nonfunctional Downward 
White Sage Wash Nonfunctional Not Apparent 
Kanab Creek at Jacob Canyon Functional - At Risk Not Apparent 
Bitter Seeps Wash Functional - At Risk Not Apparent 
Short Creek, Colorado City Nonfunctional Downward 
Short Creek, East Canaan Gap Nonfunctional Downward 
Short Creek, West Canaan Gap Nonfunctional Downward 
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Table 3-3 summarizes functional assessment ratings for riparian areas in the study area. Functional 
assessment data sheets are attached in Appendix B. 
 
 

 
Table 3-3 

Summary of Functional Assessments for Riparian Areas in the Study Area 
 

Riparian Area Name 

Percent Total 
Functional 

Points1 

Functional 
Units1 

Red 
Flag2 

Wetland 
Category 

First Wash west of Blue Pool Wash 36% 2.184  III 
Paria River 53% 173.143 X II 
Johnson Wash 17% 0.507  IV 
Kanab Creek at Fredonia 45% 4.095  III 
Cottonwood Creek 40% 8.711  III 
Two Mile Wash 23% 2.376  IV 
White Sage Wash 23% 0.09  IV 
Kanab Creek at Jacob Canyon 27% 0.966  IV 
Bitter Seeps Wash 22% 0.663  IV 
Short Creek, Colorado City 15% 0.492  IV 
Short Creek, East Canaan Gap 27% 2.708  IV 
Short Creek, West Canaan Gap 21% 0.784  IV 
Notes: 
1Percent Total Functional Point and Functional Units are calculated from the Wetland/Riparian Assessment Form 
modified from Utah Department of Transportation (see Appendix B). 
2Red Flag is the highest category for an assessment area and is used when a threatened and/or endangered species 
is documented 
3Category I - wetlands of exceptionally high quality or that are important from a regulatory standpoint; total 
functional points should be greater than 80%. 
Category II - wetlands that are more prevalent than Category I wetlands, and are those that provide habitat for 
sensitive plants or animals, function at very high levels for wildlife/fish/amphibian habitat or are assigned high 
ratings for many of the assessed functions and values; total functional points should be greater than 65%.  
Category III - wetlands that are more prevalent, they generally have moderate to low Plant Community 
Composition rating and have a higher level of disturbance than Category I and II wetlands. They can provide 
many functions and values, although they may not be assigned high ratings for as many parameters as are 
Category I and II wetlands. Total functional points should be between 30-65%. 
Category IV - wetlands that are generally small, isolated, and are rated low for Plant Community Composition. 
These sites provide little in the way of wildlife habitat. Total functional points should be less than 30%. 
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Table 3-4 summarizes values for riparian areas in the study area. 
 
 

 
Table 3-4 

Summary of Values for Riparian Areas in the Study Area 
 

 Riparian Area Name 
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y Is the wetland in public ownership 
(city, county, state or federal)? 

+ +     + + + +  + 

Has wetland experienced moderate to 
low level of disturbance? 

 +     + + +    

Is there an absence of human structures 
or other human induced disturbances? 

      + +     
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Is the wetland in public ownership 
(city, county, state or federal)? 

+ +     + + + +  + 

Is the wetland presently used for 
recreation/education? 

         +   

Is the wetland ¼ mile or less from and 
elementary school? 

            

Is the wetland five miles or less from a 
high school? 

   +         

Is there vehicular, trail, boat or canoe 
access to the site? 

+ + +  + +    +   

Has the wetland experienced a 
moderate to low level of disturbance? 

 +    +  + +    

Is the wetland visible from a county, 
state or federal highway, heavily used 
recreation trail, residential development 
or other situations where large numbers 
of people would have visual access to 
the wetland? 

+ + +  + +    +   

Total: 4 6 2 1 2 3 4 5 4 5 0 2 
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3.5 Stream Scour and Sediment Deposition 
 
Streams and washes monitored for scour and sediment deposition associated with peak runoff events 
yielded data on the depth of scour, depth of sediment deposition following a peak runoff event, and 
channel bed aggradation and degradation. Scour chains and crest gages were installed in July 2009 and 
monitored in October 2009, April 2010 and December 2010.The following subsections summarize the 
scour chain and crest gage data obtained from the streams and washes selected for monitoring.  
 
3.5.1 South Forebay Wash 
 
The South Forebay Wash scour chain and crest gage site was selected based on the approximate location 
of the LPP Project crossing. No runoff flow was evident during six monitoring trips to this site. The peak 
runoff flow in the South Forebay Wash throughout the monitoring period was estimated at 40 cfs. The 
crest gage recorded 11 inches of water, and there was 2.5 inches of sediment deposited over the bottom 
cap and inside the gage. The scour chain was lost at this site. The channel bed substrate consisted of small 
gravel and well-graded sand in a loose matrix. Channel bed aggradation at this site was estimated between 
1.0 and 2.5 inches, based on the sediment deposited in the crest gage. 
 
3.5.2 Bitter Seeps Wash 
 
The Bitter Seeps Wash scour chain and crest gage site was selected based on the approximate location of 
the LPP Project South Alternative crossing. No runoff flow was evident during five monitoring trips to 
this site. The peak runoff flow at the Bitter Seeps Wash crossing site throughout the monitoring period 
was estimated at 145 cfs. The crest gage recorded 19 inches of water, matching debris lines on the banks. 
The scour chain indicated 9.6 inches of scour at the crossing site. The channel bed substrate consisted of 
fine sand. The scour chain had 9.6 inches of sand deposited over the chain, indicating no net aggradation 
or degradation of the channel occurred during the monitoring period. 
 
3.5.3 Jacob Canyon at Kanab Creek 
 
The Jacob Canyon scour chain and crest gage site was selected based on the approximate location of the 
LPP Project South Alternative crossing. No runoff flow was evident during five monitoring trips to this 
site. The peak runoff flow at the Jacob Canyon crossing site throughout the monitoring period was 
estimated at 85 cfs. The crest gage recorded 8.5 inches of water, matching debris lines on the banks. The 
scour chain indicated no scour at the crossing site. The channel bed substrate consisted of medium cobble, 
gravel, coarse sand, and fine sand, in a well graded, tight matrix. The scour chain had 0.75 inch of silty 
clay deposited over the chain, indicating a net aggradation of the channel occurred during the monitoring 
period. 
 
3.5.4 Kanab Creek in Kanab Creek Canyon 
 
The Kanab Creek Canyon scour chain and crest gage site was located in a straight reach of Kanab Creek 
approximately 500 feet downstream of the LPP South Alternative crossing. The LPP Project South 
Alternative crossing site is characterized by dense tamarisk. Runoff flow was encountered during two of 
six monitoring trips to this site. The peak runoff flow in Kanab Creek Canyon throughout the monitoring 
period was estimated at 450 cfs. The crest gage was completely inundated, with a measured high water 
level 3.9 feet above the bottom end cap, matching debris lines on the banks. The scour chain indicated no 
scour at the monitoring site. The channel bed substrate consisted of coarse to fine gravel, coarse sand, and 
fine sand and silt, in a well graded matrix. The crest gage had 3 inches of fine sediment deposited inside 
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and surrounding the end cap, indicating a net aggradation of the channel occurred during the monitoring 
period. 
 
3.5.5 Two-Mile Wash 
 
The Two-Mile Wash scour chain site on the Kaibab-Paiute Indian Reservation was selected based on the 
approximate location of the LPP Project Existing Highway Alternative crossing. Permission was obtained 
from the Kaibab Tribe prior to installation of the scour chain at this location. Runoff flow was 
encountered during the second of two monitoring trips to this site. The peak runoff flow in Two-Mile 
Wash throughout the monitoring period was estimated at 0.2 cfs, based on debris flow lines along the 
channel banks. The scour chain indicated no scour at the crossing site throughout the monitoring period. 
The channel bed substrate consisted of sandy, clayey soil with moderately high cohesion. There was no 
indication that either aggradation or degradation of the channel occurred during the monitoring period. 
 
3.5.6 Cottonwood Creek 
 
The Cottonwood Creek scour chain site on the Kaibab-Paiute Indian Reservation was selected based on 
the approximate location of the LPP Project Existing Highway Alternative crossing. Permission was 
obtained from the Kaibab Tribe prior to installation of the scour chain at this location. No runoff flow was 
encountered during either of the two monitoring trips to this site. The peak runoff flow in Cottonwood 
Wash throughout the monitoring period was estimated at 0 cfs, based on lack of debris flow lines along 
the channel banks. The scour chain indicated no scour at the crossing site throughout the monitoring 
period. The channel bed substrate consisted of sandy, clayey and silty soil with moderately high cohesion. 
There was no indication that either aggradation or degradation of the channel occurred during the 
monitoring period. 
 
3.5.7 Johnson Wash 
 
The Johnson Wash scour chain and crest gage site was selected based on the approximate location of 
either the LPP Project or Kane County pipeline crossing. Runoff flow was encountered during the last of 
five monitoring trips to this site. The peak runoff flow in Johnson Wash throughout the monitoring period 
was estimated at 3 cfs. The crest gage was damaged by livestock during the monitoring period and no 
flow stages were recorded. The scour chain indicated no scour at the crossing site throughout the 
monitoring period. The channel bed substrate consisted of clayey soil with high cohesion. There was no 
indication of either aggradation or degradation of the channel occurred during the monitoring period. 
 
3.5.8 Sand Gulch Near Confluence with Paria River 
 
The Sand Gulch scour chain site was selected based on the approximate location of the LPP Project 
crossing. No runoff flow was encountered during four monitoring trips to this site. The peak runoff flow 
in Sand Gulch throughout the monitoring period was estimated at 90 cfs. Debris lines on the channel 
banks indicated a maximum flow depth of 1 foot. The scour chain indicated scour and/or deposition 
occurred repeatedly at the crossing site throughout the monitoring period. After the first monitoring 
period, there was no scour and deposition of 0.125 inches of silt. After the second monitoring period, the 
scour depth was 2.4 inches and 2.5 inches of sand was deposited over the scour chain. After the third 
monitoring period, the scour depth was 2.4 inches and 4 inches of sand was deposited over the chain. The 
channel bed substrate consisted of uniform sand. The scour chain data indicated net aggradation of the 
channel occurred during the monitoring period. 
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3.5.9 Paria River at U.S. Highway 89 
 
The Paria River scour chain and crest gage site was selected based on the approximate location of the LPP 
Project crossing. Stream flow was encountered during all four monitoring trips to this site. The peak 
runoff flow in the Paria River throughout the monitoring period was estimated at greater than 450 cfs, 
based on USGS gage records at the U.S. Highway 89 Bridge. The scour chain indicated scour and/or 
deposition occurred repeatedly at the crossing site throughout the monitoring period. After the first 
monitoring period, the scour depth was 2.4 inches and deposition of 1.0 inch of sand (net degradation of 
1.4 inches), and the crest gage indicated 5.4 inches of flow depth. After the second monitoring period, the 
scour depth was 1.2 inches and 1 inch of sand was deposited over the scour chain (net degradation of 0.2 
inch), and the crest gage indicated 5.5 inches of flow depth. During the third monitoring period and 
highest estimated river flow, the scour chain was lost along with the crest gage. The depth of scour was at 
least 38 inches and estimated to be at least 6 feet deep, based on remnant pools in the east portion of the 
floodplain. The river channel and floodplain had been scoured to 340 feet wide and the active channel 
shifted from the east side to the west side. The channel bed substrate consisted of well-graded fine gravel 
and coarse to fine sand throughout the monitoring period. 
 
3.5.10 First Wash West of Blue Pool Wash 
 
The First Wash West of Blue Pool Wash scour chain and crest gage site was selected based on the 
approximate location of the LPP Project crossing. No runoff flow was encountered during any of the 
monitoring trips to this site. A peak flow event occurred prior to the final monitoring site visit, with the 
highest stage at 22 inches deep recorded in the crest gage, matching debris lines on the banks. The scour 
chain was lost during the final monitoring period; however, a new 1.5-foot deep channel was formed west 
of the monitored channel. This indicated that scour depth was between 1.5 feet and 2 feet deep because 
the crest gage remained vertical. The channel bed substrate consisted of mostly fine sand with clay and 
silt as a minor fraction. The flow velocity is low at this site and it is occasionally inundated because the 
flow outlet invert elevation through the U.S. Highway 89 embankment is approximately 4.5 feet above 
the channel invert elevation (i.e., the highway embankment can act as a small dam). 
 
3.5.11 Second Wash West of Greenehaven 
 
The Second Wash West of Greenehaven scour chain and crest gage site was selected based on the 
approximate location of the LPP Project crossing. No runoff flow was encountered during any of the 
monitoring trips to this site. A peak flow event occurred prior to the final monitoring site visit, with the 
highest stage at 11.75 feet above the bottom of the crest gage, estimated from debris lines on the 
surrounding banks and above the 7-foot diameter culvert pipe under U.S. Highway 89. The crest gage was 
tipped over but not covered by the fine sand comprising the channel bed at this monitoring site. This 
indicates that the scour depth did not exceed 2.5 feet. The scour chain was eroded away by the extreme 
runoff flow; however, the soil anchor was recovered at the same depth it had been installed. All previous 
measurements of the scour chain indicated no scour had occurred. The highway culvert invert was 
covered with 1.5 inches of deposited sand following the final monitoring site visit. Based on these 
observations, a slight aggradation of the channel occurred during the peak runoff event. 
 
3.5.12 First Wash West of Greenehaven 
 
The First Wash West of Greenehaven scour chain and crest gage site was selected based on the 
approximate location of the LPP Project crossing. No runoff flow was encountered during any of the 
monitoring trips to this site; however, the site had standing water during the final monitoring site visit. A 
peak flow event occurred prior to the final monitoring site visit, with the highest stage at 4.25 feet above 
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the bottom of the crest gage. The scour chain did not indicate scour during any of the four monitoring 
trips to this site. The channel bed substrate consisted of mostly fine sand with clay and silt as a minor 
fraction. The flow velocity is low at this site and it is occasionally inundated because the flow outlet 
invert elevation through the U.S. Highway 89 embankment is approximately 4.5 feet above the channel 
invert elevation (i.e., the highway embankment can act as a small dam). 
 

3.6 Potential Jurisdictional Waters 
 
The impacts in linear distance and area of potential jurisdictional waters that would be affected by the 
proposed action were estimated from digital photography and field data collected in 2016. The limits of 
potential jurisdiction were assumed to be located at the ordinary high water mark, which was identified 
based on physical indicators (change in vegetation, change in substrate, break in slope, etc.). A summary 
of potential jurisdictional waters impacts collected and analyzed in 2016 is provided in Appendix C. 
These data are preliminary, as they have not yet been evaluated by USACE, which is responsible for 
making preliminary jurisdictional determinations. 
 

3.7 Permitting Requirements 
 
Permits would be required for impacts on potential jurisdictional waters regulated under Section 404 of 
the Clean Water Act and/or Section 10 of the Rivers and Harbor Act. Pipeline crossings of potential 
jurisdictional waters are expected to be addressed under Section 404 Nationwide Permit (NWP) 12, with 
each crossing being covered under a separate permit. Impacts on potential jurisdictional waters at Lake 
Powell Intake are expected to be addressed under NWP 18. Impacts on potential jurisdictional waters 
within the footprints of the forebay and afterbays may be addressed by individual permits. A list of 
potentially jurisdictional waters impacted by the proposed action that would require permits is provided in 
Appendix C. 
 

3.8 Plants of Cultural Concern to the Kaibab Band of Paiute Indians 
 
Table 3-5 lists plants of cultural concern to the Kaibab Band of Paiute Indians that were documented 
during LPP Project field surveys. Species observed include upland and wetland/riparian species. These 
are addressed in more detail in other study reports, as identified in the table. 
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Table 3-5 
Plants of Cultural Concern to the Kaibab Band of Paiute Indians Documented during LPP 

Project Field Surveys
Species Common Name Study Report Reference 

Ambrosia dumosa White bursage Vegetation Communities 
Artemisia bigelovii Bigelow sagebrush Vegetation Communities 
Artemisia filifolia Sand sagebrush Vegetation Communities 
Atriplex canescens Four-wing saltbush Vegetation Communities 
Baccharis sp. Seepwillow Vegetation Communities 
Ephedra nevadensis Nevada Indian tea Vegetation Communities 
Ephedra torreyana Torrey Indian tea Vegetation Communities 
Ephedra viridis Indian tea Vegetation Communities 
Fallugia paradoxa Apache plume Vegetation Communities 
Larrea tridentata Creosote bush, 

greasewood 
Vegetation Communities 

Lycium andersonii Wolfberry Vegetation Communities 
Populus fremontii Fremont cottonwood Vegetation Communities 
Rhus trilobata var. 
trilobata 

Squaw bush Vegetation Communities 

Salix exigua Coyote willow Vegetation Communities 
Tamarix chinensis Tamarisk, saltcedar Vegetation Communities & Noxious Weed 

Assessment 
Typha latifolia Broad-leaf cattail Vegetation Communities 
Yucca baccata Banana yucca Vegetation Communities 
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Chapter 4 
Environmental Consequences (Impacts) 

 
4.1 Significance Criteria 

 
Impacts on wetlands, riparian areas, and potential jurisdictional waters are considered significant if 
construction, operation or maintenance activities would result in any of the following conditions: 
 

 A net loss of wetland area, riparian areas, or potential jurisdictional waters resulting from 
construction or operational activities 

 Changes in the quality or quantity of hydrologic support (either through surface flow or 
groundwater levels) that would result in an overall loss of or gain in the area of wetlands, riparian 
areas, or jurisdictional waters 

 Other indirect impacts on wetlands, riparian areas, or potential jurisdictional water resulting from 
LPP Project construction or operational activities 

 Loss of wetland functions or values from changes in water supply affecting wetland plant 
communities, wetland soils, or hydrology 

 
 

4.2 Potential Impacts Eliminated From Further Analysis 
 
Riparian areas along the Virgin River would not be directly or indirectly affected by the Lake Powell 
Pipeline construction or operation. LPP Project construction activities would terminate at Sand Hollow 
Reservoir more than three miles east of the Virgin River. LPP Project operation would supply raw water 
to Sand Hollow Reservoir for treatment in the Quail Creek Water Treatment Plant before distribution 
throughout the Washington County Water Conservancy District (WCWCD) service area. Following use 
in homes, businesses and institutions, the wastewater would be treated in wastewater treatment facilities 
and then further treated in the wastewater reclamation facility for reuse as secondary irrigation water. This 
water would be stored in existing and approved reservoirs in the St. George metropolitan area and used 
for outdoor watering. The Utah Division of Water Resources (UDWRe) working in conjunction with 
WCWCD has modeled the Virgin River using the Virgin River Daily Simulation Model (VRDSM) for 
scenarios involving no LPP Project water and with LPP Project water to determine the potential for return 
flows to the Virgin River that could potentially affect riparian areas. The VRDSM results indicate that 
LPP Project return flows to the Virgin River would be within the measurement accuracy of the USGS 
gages on the Virgin River and changes in river flows would not be measurable. Therefore, potential 
impacts on riparian areas and wetlands along the Virgin River are eliminated from further analysis. A 
detailed analysis of the VRDSM model results is included in the draft Surface Water Resources Study 
Report (UBWR 2016). 
 

4.3 South Alternative 
 
4.3.1 Construction 
 
The following sections discuss construction impacts construction to wetlands, riparian areas, and potential 
jurisdictional waters 
 
4.3.1.1  Wetlands 
 
No wetlands would be impacted under the South Alternative. 
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4.3.1.2  Riparian Areas 
 
Table 3-1 summarizes the riparian areas within the study area. It is estimated that a total of 0.99 acre 
would be directly impacted within the South Alternative study area. Most riparian areas were determined 
to be Nonfunctional. Functional assessment points ranged from 15 percent to 53 percent. The highest 
rating occurred in the Paria River, which is documented to contain federally listed fish species in reaches 
downstream from the pipeline crossing. See attached data sheets in Appendices A and B for more 
information. 
 
Impacts on riparian areas include direct and indirect effects and would be temporary, with no permanent 
loss of function or values occurring. Temporary effects may include loss of vegetation, soil disturbance, 
disturbance of hydrological processes, sedimentation, and impacts on water quality. These would be 
minimized by the implementation of construction BMPs (see Chapter 5). 
 
4.3.1.3 Potential Jurisdictional Waters 
 
Appendix C lists the water bodies expected to be considered potential jurisdictional that would be 
impacted under the South Alternative. A total of 14.25 acres of potential jurisdictional waters would be 
impacted. 
 
Construction of the pipeline would impact 6.23 acres of potential jurisdictional waters. Impacts on 
potential jurisdictional waters within the pipeline corridor would be temporary, with no permanent loss of 
function or values occurring. Temporary effects would not impact areas of open water, except where 
pipeline crossings occur through perennial streams (i.e. the Paria River). Impacts may include temporary 
loss of vegetation, soil disturbance, disturbance of hydrological processes, sedimentation, and impacts on 
water quality. These would be minimized by the implementation of construction BMPs (see Chapter 5).  
 
Construction of the forebay and afterbay would permanently impact 7.98 acres of potential jurisdictional 
waters. Lake Powell Intake construction would permanently impact approximately 0.04 acre. More detail 
is provided in Appendix C.  
 
4.3.1.4  Permitting Requirements 
 
Permitting requirements are discussed in Section 3.7. 
 
4.3.2 Operation and Maintenance 
 
Operation and maintenance activities are not expected to have measurable impacts on wetlands, riparian 
areas, or potential jurisdictional waters. Occasional water releases from blowoff valves at low points 
along the pipeline would occur in some years during January when storm runoff is more common and 
riparian vegetation is dormant. The short-term water releases from drain valves would be controlled and 
not cause erosion or downstream sedimentation. 
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4.4 Existing Highway Pipeline Alternative 
 
4.4.1 Construction 
 
The following sections discuss construction impacts construction to wetlands, riparian areas, and potential 
jurisdictional waters 
 
4.4.1.1  Wetlands 
 
No wetlands would be impacted under the Existing Highway Alternative. 
 
4.4.1.2  Riparian Areas 
 
Table 3-1 summarizes the riparian areas within the study area. It is estimated that a total of 0.89 acre of 
riparian area would be directly impacted within the Existing Highway Alternative study area. Most 
riparian areas were determined to be Nonfunctional. Functional assessment points ranged from 15 percent 
to 53 percent. The highest rating occurred in the Paria River, which is documented to contain federally 
listed fish species in reaches downstream from the pipeline crossing. See attached data sheets in 
Appendices A and B for more information. 
 
Impacts on riparian areas include direct and indirect effects and would be temporary, with no permanent 
loss of function or values occurring. Temporary effects may include loss of vegetation, soil disturbance, 
disturbance of hydrological processes, sedimentation, and impacts on water quality. These would be 
minimized by the implementation of construction BMPs (see Chapter 5). 
 
4.4.1.3  Potential Jurisdictional Waters 
 
Appendix C lists the water bodies expected to be considered potentially jurisdictional that would be 
impacted under the South Alternative. These calculations were not completed for the Existing Highway, 
but total impacts are expected to be similar. 
 
4.4.1.4  Permitting Requirements 
 
Permitting requirements are discussed in Section 3.7. 
 
4.4.2 Operation and Maintenance 
 
The impacts would be the same as described in Section 4.3.2. 
 

4.5 Southeast Corner Alternative 
 
Wetland and riparian resource impacts for the Southeast Corner Alternative would be similar to those 
described for the South Alternative in Section 4.3. 
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4.6 Transmission Line Alternatives 
 
There would be no ground disturbance in the areas of wetlands, riparian areas, or potential jurisdictional 
waters under the Transmission Line Alternatives; therefore, no impacts would occur on these resources. 
 

4.7 Natural Gas Pipeline and Generators Alternative 
 
Wetland and riparian resource impacts for the Natural Gas Pipeline and Generators Alternative would be 
similar to the temporary impacts described for the South Alternative in Section 4.3. Construction would 
occur within a narrower and shallower corridor than the pipeline construction corridor. 
 

4.8 No Lake Powell Water Alternative 
 
Under the No Lake Powell Water Alternative, no construction would occur, and there would be no direct 
impacts on wetlands, riparian areas, and potential jurisdictional waters. The No Lake Powell Water 
Alternative could have significant indirect impacts on riparian areas along the Virgin River and its 
tributary streams under the influence of shallow subsurface recharge from water supplies used for outdoor 
residential landscape watering. Elimination of outdoor watering of residential landscapes would recharge 
to surface and subsurface soils and shallow aquifers in the St. George metropolitan area. Reaches of area 
streams tributary to the Virgin River and some reaches of the Virgin River would experience reduced 
stream flows. Riparian vegetation may not grow along these reduced stream flow reaches or riparian 
vegetation communities could diminish as outdoor residential watering is eliminated. Loss or decrease of 
riparian vegetation would result in increased stream water temperatures because shade over these streams 
would decrease, which could adversely affect aquatic resources. These indirect impacts would be 
permanent. 
 

4.9 No Action Alternative 
 
Under the No Action Alternative, no construction would occur, and there would be no direct or indirect 
impacts on wetlands, riparian areas, and potential jurisdictional waters. 
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Chapter 5 
Mitigation and Monitoring 

 
 
Mitigation measures can be implemented to avoid, minimize or reduce project impacts on wetlands and 
riparian areas. Mitigation measures incorporate the use of BMPs including standard construction practices 
and standard operating procedures for grading and erosion control, riparian revegetation and monitoring, 
hazardous materials management, and stormwater pollution prevention. 
 
The following BMPs and standard construction procedures would be used during construction to avoid, 
minimize, or reduce impacts on wetlands and riparian areas. 
 

● Riparian vegetation clearing of pipeline crossings would be minimized. 

● Construction of pipeline crossings of dry washes would be performed when the washes are dry. 

● Construction of pipeline crossings of perennial or intermittent flowing streams (e.g., Paria River 
and Kanab Creek) would be performed when the streams are either at low flows or are dry. 

● When construction activities would take place upstream from wetlands, silt fences or straw bales 
would be temporarily installed upstream or up-gradient of wetlands to filter suspended sediments 
and bedload sediments to avoid sedimentation impacts during construction. If necessary, silt 
fences and/or straw bales would be installed in series to control sediments generated by 
construction activities. 

● Temporary coffer dams upstream of pipeline crossings for diversion of Paria River flows would 
be used during construction. If necessary, culvert pipes would be installed at the existing slope of 
the streams to divert flow around the pipeline crossing work area. Stream flows would be diverted 
through the culvert pipes to control turbidity during construction of the pipeline crossings. 

● Equipment usage and operation within temporarily dewatered reaches of stream channels would 
be minimized to protect stream bed substrates. 

● Construction equipment working within the temporarily dewatered reaches of stream channels 
would be checked and regularly monitored for leaking hydraulic fluid, oil, grease, and fuel. 

● All construction equipment refueling would be performed on upland areas within spill 
containment areas at least 1/8 mile from stream channels to prevent fuel spills from contaminating 
stream substrates and the dewatered stream reaches. 

● Construction trenches within dewatered stream reaches would be pumped as necessary to remove 
subsurface water. The water would be pumped into settling basins prior to disposal. 

● Dewatered construction areas would have a downstream berm to capture any sediment which 
may be mobilized by precipitation or disturbance during construction activities. As an alternative, 
silt fences would be installed across the stream channels within the dewatered construction areas 
downstream of the pipeline crossing excavation to capture sediments that may be mobilized by 
precipitation events during construction activities. The silt fence toe would be anchored into the 
stream bed with native material. The silt fence would be removed following completion of the 
pipeline crossing construction and native material used to anchor the silt fence toe would be 
returned to pre-construction conditions. 

● Streambed substrates at the surface of dewatered stream beds would be removed, stockpiled and 
replaced on the stream bed as part of the construction site restoration. All disturbed area within 
the dewatered stream beds would be restored with natural sand, gravel, cobble, and/or boulder 
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material to the same condition, as practical, as before construction. 

● All gravel and sand materials used for pipe bedding in pipeline crossings of dewatered stream 
channels would be clean imported material free of biological materials, chemicals or other 
pollutants. 

● Concrete placed around steel pipelines to form encasements would be cleaned prior to exposure 
to live stream flows. 

● Pipeline encasements would be placed to a depth below the scour depth of the stream or river, 
determined by best engineering practice. 

● Equipment operators would be trained in appropriate work methods within sensitive aquatic or 
wetland environments. 

● Stream and river bank restoration plans would be prepared before construction begins within live 
stream channels and in riparian areas. Restoration plans would focus on restoring riparian 
vegetation and stream bed conditions to the same condition as before construction. 

 
Construction activities may have adverse direct and indirect effects on wetland and riparian areas even 
with the implementation of BMPs. In these cases, additional mitigation measures, such as additional 
revegetation of LPP Project disturbed areas, may be necessary to offset effects and could be implemented 
after appropriate analysis and approval. 
 
Monitoring would be performed during one growing season following construction to make sure riparian 
revegetation measures result in restoring riparian vegetation cover to stream banks disturbed during 
construction of pipeline crossings. If riparian revegetation objectives are not met within the first growing 
season following construction completion, then additional riparian restoration mitigation measures would 
be implemented after appropriate analysis and approval, and additional monitoring would be performed as 
applicable. 
 
Operation and maintenance activities would not have any measurable or significant impacts on wetlands, 
riparian areas, or potential jurisdictional waters; therefore, no mitigation measures are proposed. 
 
A riparian resources mitigation plan has been developed to outline restoration measures that would be 
implemented in stream crossing locations that support native riparian vegetation. See Appendix D. 
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Chapter 6 
Unavoidable Adverse Impacts 

 
 

6.1 South Alternative 
 
6.1.1 Construction 
 
The South Alternative would have minimal short-term, direct and indirect unavoidable adverse impacts 
on riparian resources and potential jurisdictional waters resulting in temporary loss of functions. Potential 
adverse impacts include short-term loss of vegetation, stream flow diversion, soil disturbance and 
sedimentation, and effects on water quality. Unavoidable adverse impacts would include short-term loss 
of riparian vegetation at pipeline crossings and short-term loss of some riparian area functions. These 
short-term unavoidable adverse impacts would not be significant. 
 
6.1.2 Operation and Maintenance 
 
Operation and maintenance of the South Alternative would have no unavoidable adverse impacts on 
wetlands and riparian resources. 
 

6.2 Existing Highway Alternative 
 
6.2.1 Construction 
 
The Existing Highway Alternative would have the same short-term unavoidable adverse impacts on 
riparian areas and potential jurisdictional waters as the South Alternative, described in Section 6.1.1. 
 
6.2.2 Operation and Maintenance 
 
Operation and maintenance of the Existing Highway Alternative would have no unavoidable adverse 
impacts on wetlands and riparian areas. 
 

6.3 Southeast Corner Alternative 
 
6.3.1 Construction 
 
The Southeast Corner Alternative would have the same short-term unavoidable adverse impacts on 
riparian areas and potential jurisdictional waters as the South Alternative, described in Section 6.1.1. 
 
6.3.2 Operation and Maintenance 
 
Operation and maintenance of the Southeast Corner Alternative would have no unavoidable adverse 
impacts on wetlands and riparian areas. 
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6.4 Transmission Line Alignments 
6.4.1 Construction 
 
The Transmission Line Alignments would have no unavoidable adverse impacts on riparian areas and 
potential jurisdictional waters. 
 
6.4.2 Operation and Maintenance 
 
Operation and maintenance of the transmission line alignments would have no unavoidable adverse 
impacts on wetlands and riparian areas. 
 

6.5 Natural Gas Pipeline and Generators Alternative 
 
6.5.1 Construction 
 
The Natural Gas Pipeline and Generators Alternative would have the same short-term unavoidable 
adverse impacts on riparian areas and potential jurisdictional waters as the South Alternative, described in 
Section 6.1.1. 
 
6.5.2 Operation and Maintenance 
 
Operation and maintenance of the Natural Gas Pipeline and Generators Alternative would have no 
unavoidable adverse impacts on wetlands and riparian areas. 
 

6.6 No Lake Powell Water Alternative 
 
The No Lake Powell Water Alternative is expected to have long-term significant unavoidable adverse 
indirect impacts on riparian areas in the St. George metropolitan area. Eliminating residential outdoor 
landscape watering would reduce groundwater recharge and decrease subsurface return flows to the 
Virgin River and its tributary streams within the influence of local groundwater recharge. The decrease in 
subsurface return flows could adversely affect riparian vegetation corridors and reduce the riparian area 
functions. 
 

6.7 No Action Alternative 
 
No unavoidable adverse impacts would occur. 
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Chapter 7 
Cumulative Impacts 

 
 
This chapter analyzes cumulative impacts that may occur from construction and operation of the proposed 
LPP project when combined with the impacts of other past, present, and reasonably foreseeable future 
actions and projects after all proposed mitigation measures have been implemented. Only those resources 
with the potential to cause cumulative impacts are analyzed in this chapter. 
 

7.1 South Alternative 
 
The South Alternative could have unmeasurable cumulative effects on wetland and riparian resources 
when combined with past, present and reasonably foreseeable future actions involving operations of Glen 
Canyon Dam. These potential cumulative effects could occur on wetland and riparian resources in Lake 
Powell and the Colorado River downstream from Glen Canyon Dam. 
 

7.2 Existing Highway Alternative 
 
The Existing Highway Alternative would have the same cumulative effects on wetlands and riparian 
resources as described for the South Alternative in Section 7.1. 
 

7.3 Southeast Corner Alternative 
 
The Southeast Corner Alternative would have the same cumulative effects on wetlands and riparian 
resources as described for the South Alternative in Section 7.1. 
 

7.4 Transmission Line Alignments 
 
The Transmission Line Alignments would have the same unavoidable adverse effects on wetlands and 
riparian resources as described for the South Alternative in Section 7.1. 
 

7.5 Natural Gas Pipeline and Generators Alternative 
 
The Natural Gas Pipeline and Generators Alternative would have the same unavoidable adverse effects on 
wetlands and riparian resources as described for the South Alternative in Section 7.1 
 

7.6 No Lake Powell Water Alternative 
 
The No Lake Powell Water Alternative is expected to have long-term significant unavoidable adverse 
indirect effects on riparian areas in the St. George metropolitan area. Eliminating residential outdoor 
landscape watering with potable water would reduce groundwater recharge and decrease subsurface 
return flows to the Virgin River and its tributary streams within the influence of local groundwater 
recharge. The decrease in subsurface return flows could adversely affect riparian vegetation corridors and 
reduce the riparian area functions. 
 

7.7 No Action Alternative 
 
The No Action Alternative would have no cumulative impacts. 
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Abbreviations and Acronyms 
 

Abbreviation/Acronym  Meaning/Description  
Alt. Alternative 
AMSL Above Mean Sea Level 
BLM  Bureau of Land Management  
BMPs Best Management Practices 
BPS Booster Pump Station  
CBPS Cedar Booster Pump Station 
CICWCD  Central Iron County Water Conservancy District  
dbh Diameter at Breast Height 
EPA U.S. Environmental Protection Agency 
FERC Federal Energy Regulatory Commission 
FWS U. S. Fish and Wildlife Service 
GIS Geographic Information System 
gpcd gallons per capita per day  
GOPB Utah Governor’s Office of Planning and Budget 
GIS Geographic Information Systems 
GPS Global Positioning System 
GSENM Grand Staircase-Escalante National Monument  
HS Hydro System  
KCWCD Kane County Water Conservancy District  
kV Kilovolt 
LPP Lake Powell Pipeline  
M&I Municipal and Industrial 
MSL  Mean Sea Level  
MMBtu or MMbtu Million British Thermal Units 
NAIP National Agriculture Imagery Program 
NRCS National Resource Conservation Service 
NWI Nationwide Inventory 
NWP Nationwide Permit 
PFC Proper Functioning Condition 
RO Reverse Osmosis  
SITLA  School and Institutional Trust Lands Administration  
TDS  Total Dissolved Solids  
UBWR Utah Board of Water Resources 
UDOT Utah Department of Transpiration 
UDWRe  Utah Division of Water Resources  
USACE U.S. Army Corps of Engineers 
USGS U.S. Geological Survey 
UST Underground Storage Tanks 
VRDSM Virgin River Daily Simulation Model 
WCH  Water Conveyance Hydro  
WCWCD  Washington County Water Conservancy District  
WET Wetland Evaluation Technique 
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List of Preparers 
 
 

MWH Americas, Inc. Consultant Team 

Name Degree(s) Role 
Cynthia Jones 
MWH, Inc. 

M.S. – Environmental Studies/Science 
and Biological Sciences 

B.S. – Biology 

Wetlands and Riparian Resources 

Eric Zimmerman 
MWH, Inc. 

M.A. – Geography (Cartography) 
B.A. – Geography 
B.A. – Mass Communication 

GIS Analysis, GPS Measurement 
and Analysis 

Brian Liming 
MWH, Inc. 

M.S. – Civil and Environmental 
Engineering 

B.S. – Ecosystems Analysis 

Report QA/QC Review 

Diana Barnes 
MWH, Inc. 

A.A. – Secretarial Science 
 

Word Processing and Formatting 
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Appendix A 
Properly Functioning Conditions 

(PFC) 
Data Sheets 
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Appendix B 
Riparian Area Functional Assessment Data Sheets 
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Appendix C 
Lake Powell Pipeline  

Estimated Impacts on Potentially Jurisdictional Waters under the 
Proposed Action 
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Appendix D 
Riparian Resources Mitigation Plan 
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D.1 Introduction 
 
The measures outlined in this Riparian Resources Mitigation Plan (Plan) address impacts to those stream 
crossings supporting riparian vegetation that would be impacted by implementation of the LPP Project. 
No wetland resources would be affected by the LPP Project, and riparian vegetation occurs only in a few 
of the proposed crossing. Approaches to mitigation of riparian vegetation differ depending on the species 
(native or nonnative) and structure of vegetation at each location. 
 
Riparian vegetation observed in the study area includes native vegetation (e.g., narrowleaf willow and 
Fremont cottonwood) and nonnative vegetation (tamarisk and Russian olive). Several areas contain large 
stands of tamarisk, which likely are fed from an upstream source. Areas with upstream sources would be 
reseeded naturally during subsequent flow events, and any native plantings in these areas would be 
overtaken by tamarisk and would have a very low probability of maintaining viability. For this reason, 
replanting is not proposed in areas where tamarisk occurs. Craig Brown of the U.S. Army Corps of 
Engineers (USACE) concurred with this approach during a meeting at the St. George field office on 
March 14, 2016. Areas where tamarisk occur include: Blue Pool wash, Paria River, Sand Creek, Kanab 
Creek, Bitter Seeps Wash, Jacob Canyon, and Short Creek in Canaan Gap. 
 
In areas where native riparian vegetation occurs (willow and cottonwood), all riparian plants that would 
potentially be affected will be mitigated for, as described in the following sections.  
 
 

D.2 Native Plant Mitigation Method 
 
Willows and/or cottonwood were observed in the following LPP Project alignment riparian areas: Paria 
River, Kanab Creek, Short Creek (at Canaan Gap and at the Highway 389 crossing). At these locations, 
and any others where native riparian vegetation may be observed, plants would be avoided, replanted or 
replaced, as described below. 
 
D.2.1 Avoidance 
 
Prior to construction activities, all plants that could be affected by project construction would be flagged. 
Where ground-disturbance is not required, plants will be avoided. If plants cannot be avoided, they will 
either be salvaged (see Section 2.2) or replaced (see Section 2.3) 
 
D.2.2 Replacement of Salvaged Plants 
 
When determined to be feasible, plants would be salvaged by removing them with a backhoe or 
excavator, keeping as much of the root ball intact as possible, and replanting in a temporary location until 
construction is complete. The temporary locations would be located in areas in shaded areas with 
adequate moisture whenever possible. After construction is complete, salvaged plants would be installed 
in the riparian zone in areas near to, or with similar features as, those locations from which they were 
originally salvaged. Plants would be installed at a depth sufficient for roots to reach adequate moisture. 
Care would be taken to minimize unnecessary ground-disturbance during work in the riparian zone, 
especially in areas of nonnative plants, in order to minimize the spread of nonnative species.  
 
D.2.3 In-Kind Replacement with Nursery Specimens or Cuttings 
 
In cases where relocation of the entire native riparian plant is not feasible due to the size or location of 
plants, native riparian species would be replaced by an equal number of plants of the same species either 
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from potted plants obtained from a local native plant nursery, or from cuttings sources from local plant 
material. Nursery plants would be planted using the methods for salvaged plants described above. 
Cuttings would be obtained and installed using the following methods. 
 
Cuttings would be collected when plants are dormant using sharp, clean hand shears or loppers. Only 
individuals with a diameter at breast height (dbh) greater than 0.5” inch would be used because stems 
smaller then 3/8” dbh have limited energy reserves and are more susceptible to fungus and dieback (Hoag 
2007). All cuttings would come from material that appears to be healthy and free of insect damage. 
 
The apical bud and top several inches of the plant would be cut off (removal would re-route energy to the 
side buds including the root buds). All side branches would be removed. The top would be cut with a 
horizontal cut and the bottom with a 45 degree cut to allow quick recognition of the top of the plant for 
correct installation. Cuttings would be 3 to 5 feet long. Multiple cuttings can be made from a single stem. 
The top of the cutting may be dipped in latex paint, which would allow for easy identification of the top 
and bottom during planting and would help to reduce drying. Cuttings should be soaked in water upright 
for a minimum of 24 hours and up to 14 days prior to planting (Hoag 2007). 
 
Planting locations would be cleared of weeds in an approximately 2-foot diameter area. Cuttings would be 
pushed into moist soil, if possible. Soil augers or other equipment (e.g., posthole diggers, planting bars, 
shovels, or soil probes) may be used if necessary. Plants would be planted at a sufficient depth to keep 
roots wet. Care would be taken to plant cuttings with buds pointing up. Approximately ¾ of the cutting 
would be pushed into the soil, with the top ¼ exposed. Cuttings would have good contact with soil, with 
no air pockets. After planting, cuttings would be mudded with a soil/water mix of syrupy consistency. 
The mix would be poured into the hole around the cutting until the surface is saturated. Cuttings would be 
planted the same day they are cut. Plants would be protected by a 2-foot Tubex® tree shelters to increase 
humidity for the seedlings, minimize browse, and allow for ease in relocation of seedlings during 
monitoring. 
 
 

D.3 References 
 
Hoag, J.C. 2007. How to plant willows and cottonwoods for riparian rehabilitation. Aberdeen (ID): 

USDA Natural Resources Conservation Service, Aberdeen Plant Materials Center Technical Note 
23 (Revision). 13p. Available on-line at: http://plant-
materials.nrcs.usda.gov/pubs/idpmctn7064.pdf 

 




